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This application Is deemed to be a request to extend the 
European patent application and the European patent 
granted in respect of it to alt non-contracting states to the 
EPC with which extension agreements exist on the date 
on which the application is filed. However, the extension 
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Immediate publication of this application is requested 



17 Slgnature(s) 

Signed by: Subject: GB, Carpmaels & Ransford, R. Goodfellow 705 

Issuer: , European Patent Office, European Patent Office OA 
Capacity: Authorised Representative (Representative 1) 



EPO Form 1001E 



Page 3 of 3 



1/8 
Figure lA 




2m 




3/8 
Figure 2 A 



OMe 



OMe 



EtO 




OMe 



HO- 




RFG7 



RFG1 Meo-0-K>?''°^-i / 



MeO 



OMe 



N 
Me 



-OH 



RFG8 



OMe 




RFG9 



MeO 




RFG10 



OMe 



4/8 
Figure 2B 



SMe 




5/8 



Figure 3A 




6/8 
Figure 3B 




7/8 



Figure 4 




OMe 




S/8 



Figure 5 






Acknowledgement of receipt 

We hereby acknowledge receipt of your request for grant of a European patent as follows: 



Submission number 
Application number 
Date of receipt 



Your reference. 




'^^^^^^^^^ applicants 




SubmitteF^ 



Method of submission 

Date and time receipt 
generated 

Digest 



26654 

EP041 04605.3 
22 September 2004 




OTHEf3iri4^QJpidditiSnal " 
represefitatives.pdf 
application-body.xml 
package-data.xml 



EP as filed .pdf 
ep-request.xml 




¥•& Ransford,G=GB 



Online 



22 September 2004, 1 7:24:1 6 

BD : AO : BB : 02 : 9 3 : E 9 : 4 A : 70 : C A : D 8 : EF : A5 : 2 6 : D4 : 3 4 : Al : 3 6 : B 
B:1F:99 



/European Patent Office/ 



ADDITIONAL SHEET 



The following additional representatives are nonodnated: 



CARPMAELS & RANSFORD PROFESSIONAL ASSOCIATION No. 182, and 

HOWICK, Nicholas Keith; 
FISHER, Adrian John; 
MERCER, Christopher Paul; 
HALLYBONE, Huw George; 
JACKSON, Richard Eric; 
HOWARD, Panl Nicholas; 
JAMES, Anthony, Christopher P.; 
COCKERTON, Bruce Roger; 
MARSHALL, Cameron John 
GOODFELLOW, Hugh Robin; and 
TUNSTALL, Christopher Stephen 

All having an address at: ^ 

CARPMAELS & RANSFORD 
43-45 Bloomsbury Square 
London WCl A 2RA 
United Kingdom 

Telephone Number: 020-7242 8692 
Fax Number: 020-7405 4166 

020-7831 8501 



DERIVATISED MOLECnDU:S FOR MASS SPECTROMETRY 

All documents cited herein are incorporated by reference in their entirety. 
TECHNICAL FIELD 

This invention relates to conq>ounds useful in mass spectrometry. 

5 BACKGROUND OF THE INVENTION 

It is known that iriphenylmethyl derivatives readily form ions. However, there remains a need for 
alternative and in5)roved compounds which readily form ions and which ace usefol in mass 
spectrometry. 

DISCLOSURE OF THE INVENTION 

10 The invention provides conipounds of formula (Ha): 

(Ai2)n— C— [Ar»— (LM{M}p)qLi 

^ (Ha); 

where: 

X is a groiq) capable of being cleaved from the a-carbon atom to fonn an ion of formula (T) 
(Ai^)— C— [Ar^-(LM{M}p)J^ 

15 C* is a caifoon atom bearing a single positive charge or a single negative charge; 

M is independently a reactive frmctional group; 

Ar* is independently an aromatic groiq> or an aromatic groiq> substituted with one or more A; 
Ar^ is independently an aromatic groi^ or an aromatic groiq> substituted with one. or more A; • 
optionally wherein (a) two or three of the ffoups Ar^ and Ar^ are linked together by 
20 one or more L^, where JJ is independently a single bond or a linter atom or group; and/or (b) 

^ two or three of the groups Ar^ and Ar^ together form an aromatic groiq> or an aromatic groiq> 

substituted with one or more A; 
A is independently a substituent; 

Lm is independently a single bond or a linker atom or groiq); 
25 n = 0, 1 or2andm=l,2, or3,providedthesimiofn+m = 3; 

p independently = 1 or more; and 
q independmtly = 1 or more. 
The invention further provides conqpounds of formula (lib): 

(Ai^Xx— C— [Ar^— (LM{M}p)ci]ni 

X* (nb); 
-1- 



where: 

X*is a counter-ion to C*; 

and C*, M, Ar^ Ar^, Lm, n, m, p and q are as defined above. 

The compoimds of formula (Ha) and (Ob) may form ions of formula (T) by either cleaving the C-X 
5 bond between X and the a-carbon atoms in the case of the compounds of fomiula (Ha) or 
dissociating X* in the case of compounds of formula (lib). 

Ions of formula (T) are stabilised by the resonance effect of Ihe aromatic groups Ar^ and Ar^. 
Electron-wilhdrawing groups, when C* is an anion, or electron-donating groups, when C* is a 
cation, may optionally be provided on Ar* and/or Ar^ to assist this resonance effect. 

10 The conq)ounds of formula (Ila) and (lib) are usefiil in the methods disclosed in UK patent 
application GB 03 284 14.8. 

Solid Supports 

The invention also provides solid supports of formula (IVai), (IVaii) or (TV aiii): 

(Ai^)ri— C— [Ar^— (LM{M}p)qU 




Ss 



(IVai); 




Ss 



(Ai^Xi— C— [Ar^— (LM{M}p)qLn-i 



15 



^ (IVau); 




Ss 



^Ai^ 

(Ar^V-i— C— [Ar^— (LM{M}p)qU 

^ (IVaiii); 



Mrtiere: 



X, Ar*, Ar^, Lm, M, n, m, p and q are as defined above; 

Ss is a solid siqiport; 
20 C- - -Ss comprises a cleavable bond between C and Ss; 

Ss- - -Ar* comprises a cleavable bond between Ar* and Ss; and 

Ss- - -Ar^ conqnises a cleavable bond between Ai^ and Ss- 
The cleavable bond of C- - -Ss, Ss- - -Ar^ or Ss- -Ai^ may be a covalent, ionic, hydrogen, dipole-dipole 
or van der Waals bond. 
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Hie solid supports of fonmila (IVai), (IVaii) and (IVaiii) may form ions of formula (T): 

(a) for modified solid supports of formula (IVai) by cleaving the C-Ssbond 
between the a-carbon atom of the modified solid support of formula (IVai) and the solid support Ss 
to form the ion of formula (V); 

5 (b) for modified solid supports of formula (TVaii) by, either simultaneously or 

sequentially, cleaving tide C-X bond between X and the a-carbon atom and cleaving the Sg- - -Ar* 
bond between the solid support and the Ar* group to form the ion of formula (T); or 

(c) for modified solid supports of formula (IVaiii) by, either simultaneously or 
sequentially, cleaving the C-X bond between X and the a-carbon atom and cleaving the Ss- - -Ar^ 

10 bond between the solid support and the Ar^ group to form the ion of formula (T). 
The invention also provides solid supports of formula (TVbii) or (IVbiii): 



Ss 




^Ari (LM{M}p)q 

(Ar^)n— C— [Ar^— (LM{M}p)qWi 

(IVbii); 



Ss 




"Ai^ 

(Ar^)a.i— C— [Ar^— (LM{M}p)q]n, 



X* (IVbiii) 
where: X*, Ar\ Ar^, Lm, M, n, m, p, q, Ss, C- - -Ss, Ss- - -Ar^ and Ss- - -Ar^ are as defined above. 
15 The solid siq>ports of formula (TVbii) and (TVbiii) may form ions of formula (T): 

(a) for modified solid supports of formula (IVbii) by, either simultaneously or 
sequentially, dissociating X* firom the derivative of formula (IVbii) and cleaving the Ss- - -Ar^ bond 
between the solid support and the Ar^ groiip to form an ion of formula (T); or 

(b) for modified solid supports of fonnula O^iii) l>y> either simultaneously or 
20 sequentially, dissociating X* fcom liie derivative of fonnula (IVbiii) and cleaving the Ss- - -Ai^ bond 

between the solid support and the Ai^ group to form an ion of formula (T) . 

The invention also provides solid siq)ports of formula (IVaiv) or (IVbiv): 
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{M}p.iLmM'^>--(^ 

Ax^^ (LM{M}p)q.i 

(Ar^)a— G— [Ar^— (LM{M}p)qWi 

^ (IVaiv); 

{M}p.iLmM'^---(^ 

Ari — (Lm{M}pVi 

(Al^)rf^C— [Ar^— (LM{M}p)q]n.. 

(IVbiv); 

v/hete: 

X, X*, Ar^, Ar^, Lm, M, p, n, m, aad Ss are as defined above; 
5 M"- - -Ss comprises a bond between M" and Ss; and 

M" is the same as M except that Ss is bound to a portion of M \^ch does not fonn part of the 
residue of M" remaining attached to the ion of formula (I*) which residue is produced after reaction of 
group M". 

In this embodiment of the invention, the solid support is bound to a part of group M" which does not 
10 go on to form part of the residue of M" remaining attached to the ion of formula (T) which residue is 
produced after reaction of group M", 

The solid supports of formula (TVai), (IVaii), (IVaiii), (TVbii), (IVbiii), (IVaiv) and (IVbiv) are usefiil 
in the methods disclosed in UK patent application GB 03 284 14.8. 

Further Embodmenis 

15 Lm bound to Ar^ by more than one bond 

The above-mentioned embodiments of the invention may also be provided in which Lm is bound to 
Ar^ by more than one covalent bond {e,g. 2 or 3 bonds) which are either single, double or triple 
covalent bonds, or one or more multiple bonds ie.g. double or triple covalent bonds). All the other 
features of the invention are the same except die groups which relate to the bond or bonds between 

20 Ar* andLM. 

Disclaimers 

Preferably, all embodiments of the invention (including products of formulae (T) and (Ha)) involving 
or relating to the compoimd of formula (XI) are disclaimed 
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OMe 




solid support O- 




6 



(XI). 



Preferably, all embodiments of the invention (including products of formulae (!) and (Ha)) involving 
or relating to the compound of formula (XIa) are disclaimed 

OMe 



OMe 



MeO 




OMe (XIa). 

5 Preferably, all embodiments of the invention (including products of formulae (F) and (Ha)) involving 
or relating to the compound of formula (Xlb) are disclaimed. 

OMe 



OMe 



MeO' 




OMe 



(Xlb). 



Preferably, all embodiments of the invention (including products of formulae (T) and (Ha)) involving 
or relating to the compound of formula (XIc) are disclaimed 



OMe 



MeO 




OMe 
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OMe 



(XIc). 



Preferably, all embodiments of the inyention (including products of formulae (T) and (Ila)) involving 
or relating to fbe compound of formula (Xld) are disclaimed 

O 




OMe 



OMe 



(Xld). 



Preferably, all embodiments of the invention (including products of formulae (I') and (Ila)) involving 
5 or relating to the compound of formula (Xle) are disclaimed 
o 




OMe 



OH 



(Xle). 



Preferably, all embodiments of the invention (including products of formulae (T) and (Ila)) involving 
or relating to the compound of formula (Xle) are disclaimed 

OMe OMe 



MeO 




OMe pof). 

10 Preferably, all embodiments of the invention (including products of formulae (T) and (Ha)) involving 
or relating to the confound of formula (Xlg-j) are disclaimed 
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Ar=p-anisyl 



Formula 


Base 


xig 


Uridine 


Xlh 


N^-benzoyl-cytidine 


XK 


N^-benzoyl-adenosine 


Xli 


N^-phenylacetyl-guanosine 



Preferably, all embodiments of the invention (including producte of formulae (T) and (Ha)) involving 
5 or relating to the compoimd of formula (XDc-n) are disclaimed 




Ar=p-anisyl 



Formula 


Base 




Uridine 


xn 


N*-benzoyl-cytidine 


Xlm 


N^-benzoyl-adenosine 


XLtt 


N^-phenylacetyl-guanosine 



10 Preferred Embodimenls 



Definition ofC^ 

Preferably, C* bears a single positive charge such that ions of the invention are cations and the ion 
of formula (I') has the following structure: 

(Ai^)ri— C— [Ar^-(LM{M}p)Jni 

© (D 



and the compounds of fonnulae (lib), (IVbii), (IVbm) and (IVbiv) have the structures disclosed in 
table L 



n, nhpandq 

For the purposes of confounds of the invention having n-1 groups Ar^, n may not be less than 1. 
5 Preferablyn = 2andm= 1- 

Preferably p = 1, 2 or 3. Preferably p = 1. 
Preferably q = 1, 2 or 3. Preferably q = 1. 

Preferably n = 2, m = 1, p = 1 and q= 1. The ion of formula (P) thus has the structure: ' 

Ar^ Ar^ 

Ar^— C— Ar^— LmM Ai^— C— Ar^— LmM 

* ormorepieforably ® 

10 and the compounds of fomiulae (Ha), (lib), (IVai), (IVaii), (IVaiii), (IVaiv), (IVbii), (TVbiii) and 
(FVbiv) have the structures disclosed in table 2. 

Group M 

The group M is a reactive functional group. Reactive functional groups include groups capable of 
reacting to form a covalent linkage and groups capable of ionic bonding, hydrogen bonding, dipole- 
15 dipole bonding or van der Waals bonding. Particularly preferred groups M are those capable of 
reacting to form a covalent linkage. 

The group M is bound to Lm by one or more covalent bonds (e.g. 2 or 3 bonds, especially 2 such 
— l^M M 

as ^ ), vMch are either single, double or triple covalent bonds (preferably single bonds). 

Preferably, M is bound to Lm by one single bond. 

20 Alternatively, or in addition, M is bound by more than one Lm, such I^ either being attached to the 
same or different Ar^ or Ar^. In a preferred embodiment M is bound by more than one Lm frona 
different Ar^ or Ar^, e.g, : 

Ai^-C— Ar^--^^ 
★ 

Covalent Linkage 

25 Particularly preferred groups M are those capable of reacting to form a covalent linkage. 

Examples of gioiqp M bound to Lm by one bond include -NR2 e,g. -NHR {e.g. -NEIMe {e.g, 
compound 17b), especially -NH2 (e.g: compounds 12c & 13b); -SR e.g -SH; -OR e.g. -OH {e.g 
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coinpouiid 3a); -B(R)Y; -BY2; -C(R.)2Y; -C(R)Y2; -CY3; -C(=Z)Y e.g. -C(=0)Y; -Z-C(=Z)Y; 
-C(=Z)R e.g: -C(=Z)H. especiaUy -C(=0)H; -C(R)(OH)OR; -C(R)(OR)2; -S(=0)Y; -Z^(=0)Y; 
-S(=0)2Y; -Z-S(=0)2Y; -S(=0)3Y; -Z-S(=0)3Y; -P(=Z)(ZR)Y e.g. -P(=OXOH)Y; -P(=Z)Y2; 
-Z-P(=^ZR)Y; -Z-P(=Z)Y2; -P(=Z)(R)Y ag: -P(=0)(H)Y; -Z-P(=Z)(R)Y; or -N=C(=Z) c& 
-N=C(=0). 

Other esramples of groiq) M bound to Lm by one bond are -P(ZR)Y e.g. -P(OH)Y; -PY2; -Z-P(ZR)Y; 
-Z-PY2; -P(R)Y e.g. -P(H)Y; -Z-P(R)Y. A particularly preferred groiq> M is -Z-P(ZR)Y, especially a 
phosphoramidite groiq>: 

NCiPr)2 




-CN compound 14c) 

10 Another example of group M bound to Lm by one bond is -Y. In particular, when groiQ> M is halo 
(especially iodo), M may be bound to an aliphatic (e.g. compound 17c) or aromatic carbon {e.g. 
compounds 28c & 28d). Whai M is halo ie.g. iodo) and is bound to an aromatic carbon, Lm may, for 
exaaq>le, be a single bond. 

Examples of group M bound to Lm by two bonds include -N(R>- e.g -NH-; -S-; -O; -B(Y)-; 
15 -C(R)(Y)-; -CY2-; -C(=0)-; -C(OH)(OR>; -C(OR)2-. 

_l _ 

Examples of group M bound to Lm by three bonds include ^00 

Preferred groups M include electrophilic groups, especially those susceptible to SN2 substitution 

reactions, additionrelimination reactions and addition reactions, e.g, -B(R)Y; -BY2; -C(R)2Y; 

-C(R)Y2; -CY3; -C(=Z)Y eg: -C(=0)Y, especiaUy -C(0)OH (e.g. compound 24b) and -C(0)NH2 
20 (e,g. conq)ound 19e); -Z^(=Z)Y; -C(-Z)R e,g. -C(=Z)H, especially -C(=0)H; -C(RXOH)OR; 

-C(RXOR)2; -S(=0)Y; -Z^S(-0)Y; -S(=0)2Y; -Z-S(=0)2Y; -S(=0)3Y; -Z-S(=0)3Y; -P(==Z)(ZR)Y 
^ e.g -P(=0)(OH)Y; -P(=Z)Y2; -Z-P(=Z)(ZR)Y; -Z-P(-Z)Y2; -P(=Z)(R)Y eg: -P(=0)(R)Y; 

.Z-.P(=Z)(H)Y; -N=C(=Z) eg. -N=C(=0); -B(Y>; -C(RXY)-; -CY2S -C(=0)-; -C(OH)(OR)-; 

I 

-C(OR)2-;or — C(Y) ^ 

25 Still further preferred examples of gcoi^ M are orfhoesters, eg. -C(OR)3. In a preferred embodiment, 
the R groups are linked together to form a hydrocaibyl groiip, eg. a Ci^alkyl group. A preferred 
exanq>le of groixp M in this embodiment is: 

o- 

■CH3 

(eg. compound 34a) 
Another preferred groiq) M is maleimido (eg. compound 18d). 
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Y is independently a leaving group, including groups enable of leaving in an SN2 substitution 
reaction or being eliminated in an addition-elinunation reaction. 

Preferred examples of Y include halogen (preferably iodo), Cj^hydrocarbyloxy (e.g. C i-salkoxy), 
Ci-ghydrocarbyloxy substituted with one or more A, Ci^heterohydrocarbyloxy, 
Ci-gheterohydrocarbyloxy substituted with one or more A, mesyl, tosyl, pentafluorophenyl, 
-O-succinimidyl (formula VII) or a sulfo sodium salt thereof (sulfoNHS - formula VHa), 
-S-succininoddyl, or phenyloxy substituted with one or more A e.g. p-nitrophenyloxy (formula Vm) 
or pentafluorophenoxy (formula Vma) {e.g. compound 16). 




(vn) ^ (vna) 

F F 

5^o-}^F 

V^O— / NO2 ) ( 

10 ^ (vm). ^ ^ (vnia) 

Thus, preferred groups M are: 

o 

H 

^ (eg. compounds 18d & 30Ac) 



^ (e.g- conipound24c) 



^ , (e.g. conipound2Sa) 



F 



F 

F F 



Other preferred examples of Y include -ZR. Particularly preferred exanq)les of Y are -ZH (e.g: -OH 
or -NH2) and -2^i^alkyl groups such as -NH-Ci^alkyl groups (e.g. -NEIMe) and -O-Ci-salkyl 
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groups (e.g. -O-t-bulyl). Thus, prefered groups M are -C(0)-NH-Ci^alk3d {e.g. -C(0)NHMe) and 
-C(0)-0-Ci4jaIkyl (e.g. -C(0)-p-t-butyl {e.g. con9>ouiids 24a & 33a)). 

Other preferred examples of Y include -Z-ZR. Particularly preferred examples include -NR-NR2, 
especially -NH-NH2 {e.g compounds 35Ab, 35Bc and 35Bd), and --OISIR2, especiaUy -O-NH2 (eg. 
compoxinds 35Cc and 35Cd). 

Z is independently O, S or N(R). Preferred (=Z) is (=0). 

R is independently H, Ci-shydrocarbyl {e.g. Ci^alkyl) or Ci^ydrocarbyl substituted with one or 
more A. 

R is preferably H. 

Particularly preferred groups M include -C(=0)Y, especially -C(=0)-0-succinimidyl and 
-C(=0>"0-(p-nitrophenyl). 

In a further embodiment, M may be -Si(R)2-Y, with Y being halo chloro) being especially 
preferred Preferred groups R in this embodiment are Ci^alkyl, especially methyl. A particularly 
preferred group M in this embodiment is -Si(Me)2Cl {e,g. compound 19d). 

In a further embodiment, M may be -C(Ar^)2X. Preferred groups Ar^ and X are set out below. In this, 
embodiment it is preferred that Lm is a bond. A particiilarly preferred group M in this embodiment is: 



Other groups M include groves capable of reacting in a cycloaddition reaction, especially a Diels- 
Alder reaction. 

In the case of Diels- Alder reactions, the groip M is either a diene or a dienophile. Preferred diene 
groups are 



OMe 




I OH 



OMe (g g; compound 32a). 




1 
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and multivalent derivatives fonnally formed by removal of one or more hydrogen atoms, where A* is 
_r1 or -Z^R^ where and 7} are defined below. 

Preferred dienophile groups are -CR'=CR^2, -CR^=CCR^)A^ -<:aM31^2, -CAM::(R^)A^ or 
-CA^K:IA^2, and multivalent derivatives formally formed by removal of one or more hydrogen 
5 atoms, where R^ is defined below and A^ is independentiy halogen, trihalomethyl, -NO2, -CN, 
-N^(R')20-, -CD2H, -COiR^ -SO3H, -SOR^ -.S02R^ -SOsRS -0C(K))0R\ -C(=0)H, -C(=0)R\ 
-0C(=0)RS , -0C(=0)NR'2, -N(R')C(=0)R\ -C(=S)NR'2, -NR^C(=S)RS -S02NR'2, -NR'S02R\ 
-N(R^)C(=S)TSIR*2, or -N(R*)S02NR*2, where R* is defined below. A particularly preferred dienophile 
group is maleimidyl. 

10 Preferred examples of group M are shown in figures 2A and 2B. 
Ionic Bonding 

Where groitp M is a reactive functional group capable of ionic bonding, group M typically comprises 
one or more chelating ligands. 

Suitable chelating ligands which can bind anions include polyamines and cryptands. 

Suitable chelating ligands which can bind cations include polyacidic compounds EDTA) and 
crown ethers. 

Hydrogen Bonding 

Where group M is a reactive functional group capable of hydrogen bonding, M will typically bear 
one or more hydro^sy^ amino or Ifaio hydrogen atoms or a groiq) bearing an atom having one or more 
20 lone pair of electrons an oxygen, sulphur or nitrogen atom). 

Preferred groups enable of hydrogen bonding include biotin, avidin and streptavidirL 
Dipole-Dipole Bonding 

Where groiq) M is a reactive functional group capable of dipole-dq)ole bonding, the d^ole-dipole 
bond may be formed between permanent dipoles or between a permanent dipole and an induced 
25 dipole. 

Preferred groi:ps M capable of dipole-dipole bonding comprise acid groups, or -(NMea)^ carboxy, 
carboxylate, phosphate or su^hate groups. 

Van der Wools Bonding 

Where group M is a reactive functional group capable van der Waals bonding, M will typically 
30 comprise a hydrocarbyl or heterohydrocarbyl groiq) (usually a large hydrocarbyl group having at 
least ten carbon atoms up to about 50 carbon atoms), optionally svibstituted with one or more A. 
Polyfluorinated hydrocarbyl and heterohydrocarbyl groups are particularly preferred- Typically, the 
hydrocarbyl or heterohydrocarbyl groups are aryl or heteroaryl groups or groi5>s of the formula 
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-C(R^Ar^, -C(R^XAi^)2 or -C(Ar^)3, A^ete Ar^ is independently defined the same as Ai^ and is 
H, Ci^ hydrocarbyl, Ci-s hydrocarbyl substituted by one or more A, Ci^ heterohydrocarbyl or Ci^ 
heterohydrocarbyl substituted by one or more A. 

A preferred group capable of van der Waals bonding is tetrabenzofullerene (formula X). 




(formula X) 



5 

Other preferred groups capable of van der Waals bonding are adamantyl (e.g: 2-adamantyl (e.g. 
compound 36a)) and phenyl (e.g. example 37b). 

Preferably, these groups are linked to a hydrocarbylene group {e.g. Ci^ alkylene groiq)) which forms 
Lm or a part thereof. 

10 GroupM*' 

M" is the same as M except that Ss is bound to a portion of M which does not from part of the 
residue of M" remaining attached to the ion of formula (T) which residue is produced after reaction of 
group M". Thus, M" is a residue of M formable by the conjugation of M and Ss. However, M" need 
not necessarily be formed by the conjugation of M and Ss- 

15 M"- - -Ss comprises a covalent, ionic, dipole-dipole, hydrogen, or van der Waals bond. The covalent, 
ionic, hydrogen, dipole-dipole or van der Waals bond may be direct between M" and Ss or may be 
provided by one or more binding groups present on M" and/or Ss- 

Examples of groups which can form these types of bond, and methods for cleaving these types of 
bond, are set out below in coimection with C- - -Ss bonds, etc. 

20 Preferred groups M" are groups M having a leaving group, wherein the group Ss is bound to the 
leaving group, e.g. groups M mentioned above having a leaving group Y, wherein the group Ss is 
bound to the leaving groi^ Y. 
A particularly preferred groiqp M" is: 




o 



25 Lm 

Where the groiq) Lm is a linker atom or group, it has a sufficient number of linking covalent bonds to 
linkLM to the groiq) Ar^ by a single covalent bond (or more, as ^ropriate) and to link Lm to thep 
instances of M groiq>s (which may be attached to Lm by one or more bonds). 
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The group Lm may be directly bound to the aromatic part of Ar', bound to one or more of the 
substituents A of Ar', or both. Preferably, Lm is bound directly to Ihe aromatic part of Ar^ 

In an alternative embodiment, Lm x^ay be bound to L5. 
When Lm is a linker atom, preferred linker atoms are O or S, particularly O. 
5 WhenLM is a linker group, preferred linker groiq>s, in the orientation Ar^-(LM{M}p)q, are -E^-, 
-(D^)r, -(E^-D^)r, -(D^-E^)r, -E^-(D^-E^)r or -D^-(E^-D^)t-, where a sufBcient number of 
linking covalent bonds, in addition to the covalent bonds at the chain termini shown, are provided on 
groiqps E^ and for linking the p instances of M groups. 

is independently Ci-shydrocarbylene or Ci^hydrocarbylene substituted with one or more A. 

10 Preferred are Ci^alkylene, Ci.8alkenylene and Ci^alkynylene, especially Ci^alkylene and 
Ci^alkynylene, each optionally substituted with one or more A (preferably unsubstituted). A 
preferred substituent A is ^H. Preferred Lm in the orientation Ar*-(LM{M}p)q are: -CH2CH2-(e.g: 
compounds la & 2a); -C^-CH2CH2CH2- ie,g. compounds fib, 6c, fid, 7a, 7b & 7c); -(CH2)5-(«-g. 
compounds 8a, 8b & 8c);-C3D2CD2CH2CH2CH2S -C^-CHa- (e.g. compounds 12b & 12c) 

15 and-CH2CH2CH2- (e.g. compounds 4a, 5a, 13a & 13b). 

E^, m the orientation Ar'-(LM{M}p)q, is independently -Z^-, -C(=Z^)-, -Z^C(-Z^)-, -C(=Z^)Z^-, 

.z^c(=z^)z^-, -s(=o)-, -z^s(=o)-, -s(=o)z^-, -z^s(=o)z^-, -S(=o)2-, -z^s(=o)2-, -S(=o)2Z^-, ; 

-Z^S(=0)2Z^-, where Z^ is independently O, S or N(R^) and where is independently H, 
Ci^ydrocarfoyl (e.g. Cj^alkyl) or Ci^hydrocarbyl substituted with one or more A. Preferably E^ is, 
20 in the orientation Ar*-(LM{M}p)q, -0-, -S-, -C(=0)-, -C(=0)0-, -C(-S>-, -C(=S)0-, -OC(=S)-, 
-C(=0)S-, -SC(=0)-, -S(0)-, -S(0)2S -NR^-, -C(=0)N(R^)-, -C(=S)N(R^K -N(R^)C(=0)-, 
-N(R^)C(=S)-, -S(=0)N(R^)-, -N(R^)S(=0)-, -S(=0)2N(R^)-, -N(R^)S(=0)2-, -0C(=0)0-, 
-SC(=0)0-, -OC(=0)S-, -N(R^)C(=0)0-, -OC(=0)N(R^>, -N(R^)C(=0)N(R^)-, 
-N(R^)C(=S)N(R^)-, -N(R^)S(=0)N(R^)- or-N(R^)S(=0)2N(R*^)-. 

25 Alternative groups E^ to those defined above, in the orientation Ar*-(LM{M}p)q, are - 
Z^-Si(R^)2-Z^-, -Si(R^)2-Z^- and -Z^-Si(R^)2-. The group -Si(R^)2-Z^- is particularly preferred. 
Z*^ is preferably O. is preferably Ci^allqrl, preferably methyl. These groiq)S E^ are particularly 

preferred in the groups -(E^-D^)t-, especially when t=l and is Ci-salkylene. The following group 
is especially preferred: 

Me 

^ Me ^ Twr 

30 At' ^ (^e,g conqwund 19e) 

In addition to the above definition of D^, may also be Ci^heterohydrocarbylene or 
Ci^eterohydrocarbylene substituted with one or more A. In this embodiment. 
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Ci-scycloheteroalkylene groups are particularly prefeired, e,g.: 
groups -D^-E^-D^. are, in the 




. Thus, preferred Lm 
Ar^-(LM{M}p)q, 



orientation 



-Ci^alkylene-C(0)-Ci-8cycloheteroalkylene (preferably where the hetero atom is N and is bound to 
the carboxy), especially: 



t= 1 or more, ag: from 1 to 50, Ito 40, 1 to 30, 1 to 20 or 1 to 10. Preferably t = 1, 2, 3, 4, 5, 6, 7, 8, 
9, or 10. 

PrefCTably, Lm links cwae group M to Ar^ M is linked to Lm by a single covalent bond and fh^efore 
no additional bonds are required {e.g. Lm{M}i may be -E^-{M}, -(D^)t- {M}, -(E^-D^)t-{M}, 
.(P^-E^)t-{M}, -E^-(D^-E^)t-{M} or-D^-(E^-D^)t-{M}). 

Where Lm includes a group which also fells within the definition of group M, the group M is 
preferably more reactive than the group included in Lm- 

Lm is preferably -(D^)t-, -(E^-D^)t-, or -D^-(E^-D^)t-. 

When group Lm is -(D^)t-, t is preferably 1. is preferably Ci-salkylene, preferably Ci-salkylene, 
preferably melhylene or ethylene. 

When group Lm is -(E^-D^)r, or -D^-(E^-D^)r, E^ is preferably (in the orientation 
Ar^-(LM{M}p)q), -C(=0)N(R^)-(e.g. -C(=0)NH-) or O (preferably O), and is preferably 
Ci^alkylene, preferably ethylene, propylene, butylene or pentylene. t is preferably 1. Especially 
preferred Lm are, in the orientation Ar*-(LM{M}p)q, -O-CH2CH2CH2- (e.g^. con5)Ounds 15a, 15b, 15c 
& 16a)and-(>GH2CH2CH2CH2CH2-(e.g^. con^^ounds 10a, 10b, 10c, 11a, lib & 11c). 

Another preferred groiqp -D^-<E^-D^)t- is where is Ci^alkylene and t is 1. Preferred E^ in this 
group, in the orientation Ar^-(LM{M}p)q, are -Z^C(=Z^)- (especially -N(R^)C(=0>, e.g. 
-N(Me)C(=0)-) and -C(=Z^)Z^- (especially -C(=0)0-). Particularly preferred Lm groups are: 




{e.g. compounds 14b & 14c). 



o 




M 



(e.g. conopoimd 3a) 
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^(e.g. compound ISd) 



9 -M 



^ ^ (e.g. compound 17c & 18c) 

The group -(E^-D^)r is preferred, a particularly preferred example of which is (in ihe orientation 
Ar^-(LM{M}p)q) -Ci==0)mi<M2Ca2CH2'0-CM2CH^ 

5 The group -(D^-E^)t- is also preferred when is Ci.8alkylene and t is 1. Preferred in this 
group, in the orientation Ar'-(LM{M}p)qare -Z^C(=Z^)- and -C(=Z^)Z^-, especially -Z^C(=Z^)- 
(particularly -N(R^)C(=0)-, e.g. -N(Me)C(=OH- A particularly preferred example is 
-CH2CH2CH2N(Me)C(0)-. 

In an alternative embodiment it is preferred that Lm is a single covalent bond. 

10 When Ar^ is phenyl, Lm is preferably provided in a position orfho or para to C*. When Ar^ is other 
than phenyl, Lm is preferably attached to an atom which bears the charge in at least one of the 
resonance structures of the ions of formula (T). 

Where C* is a cation, Lm is preferably an electron-donating grovq). Where C* is an anion, LmIs 
preferably an electron-withdrawing group. 

15 Preferred examples of Lm are shown in figures 1 A and IB, 

C'—Sjs, Ss-'Af^ andSs—'Ar^ Bonds 

C- - -Ss, Ss- - -Ar^ and Ss- - -Ar^ comprise a cleavable covalent, ionic, hydrogen, dipole-dipole or van 
der Waals bond (also known as a dispersion bond or a London forces bond). The covalent, ionic, 
hydrogen, dipole-dipole or van der Waals bond may be direct between C and Ss, Ar* and Ss, or Ar^ 
20 and Ss, or may be provided by one or more binding groups present on C and/or Ss, Ar* and/or Ss, or 
Ar^ and/or Ss, respectively. 

Covalent Bonding 

Where the bond is covalent, the bond may be direct ie.g. C-Ss, Ar*-Ss or Ar^-Ss, respectively) or may 
be provided by a linker atom or group-L"* (e.g. &i^-Ssi Ar^-L'^-Ss or Ar^-L^-Ss, respectively). 

25 When L"^ is a linker group, preferred linker groups are -E*-, -{p^h^-, -(E^-D"^)!"-, -(D'^-E*)t"-, 
-E*-(D^-E*)t"- or -D*-(E*-D^)t"-. 

D"* is independentiy Ci-ghydrocarbylene or Ci^hydrocarbylene substituted with one or more A. 
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E* is, in Ihe orientation C«L^-Ss, independently -Z*-, -C(=Z*)-, -Z*C(=ZV, -C(=Z^)Z*-, -Z^C(=Z^)Z*-, 
-S(=OK -Z*S(=0)-, -S(=0)Z^-, -Z^S(=0)Z% -S(=0)2-, -Z^S(=0)2-, -S(=0)2Z^-, -Z*S(=0)2Z*-, where 
Z"* is independently O, S or NCR"*), and v^ere is indq)endently H, Ci-shydrocarbyl (eg. Ci^alkyl) 
or Ci^ydrocarbyl substituted with one or more A. Preferably E* is, in the orientation C-L'^-Ss, -0-, 
5 -S-, -C(=0)-, -C(=0)0-, -C(=S)-, -C(=S)0-, -OC(=SK -C(=0)S-, -SC(=0)-, -S(0)-, -S(0)2-, 
-N(R^)-, -C(=0)N(R% -C(=S)N(R^)-, -N(R^)C(=0)., .N(R^)C(=S)-, -S(=0)N(R% -N(R^)S(=0)-, 
-S(=0)2N(R^)-, .N(R^)S(0)2-, -0C(=0)0-, -SC(K))0-, -OC(=0)S-, -N(R^)C(=0)0-, 
-0C(=O)N(R% .N(R^)C(=0)N(R% -N(R^)C(-S)N(R^K -NCR'')S(=0)N(R^)- or 
-N(R^)S(=0)2N(R*)-. 

10 If' = 1 or more, e.g. ftom 1 to 50, Ito 40, 1 to 30, 1 to 20 or 1 to 10. Preferably tf' = 1, 2, 3, 4, 5, 6, 7, 
8, 9, or 10. 

Where includes a groiip which also fells within the definition of group M, the group M is 
preferably more reactive than the group included in L^. 

L"^ is preferably a linker atom, preferably O or S, particularly O. 

15 When the solid support Ss is gold, is preferably covalently attached to the Ss by a sulphide or 
disulphide group. 

Ionic Bonding 

Where the bond is ionic, the bond is typically direct (e.g. C* Ss*, where Ss* is a solid support 
counterion to C*). 

20 Alternatively, it may be provided by binding groups, e.g. chelating Ugands, present on C or Ss, Ar^ or 
Ss, or Ar^ or Ss, respectively. In the case of C — Ss bonds, the chelating ligand is typically only 
present on Ss and chelates with C*. 

Suitable chelating ligands which can bind anions include polyamines and cryptands. 

Suitable chelating ligands which can bind cations include polyacidic compoimds (e.g. EDTA) and 
25 crown ethers. 

Hydrogen Bonding 

Where the bond is a hydrogen bond, the bond is usually provided by binding groiips present on C or 
Ss, Ar* or Ss, or Ar^ or Ss, respectively. 

Typically, in order to form the hydrogen bond, one of C or Ss, Ar* or Ss, or Ar^ or Ss, as qqpropriate, 
30 will have a binding group bearing one or more hydroxy, amino or tfaio hydrogen atoms, and the other 
of C or Ss, Ar^ or Ss, or Ar^ or Ss, respectively, will have a binding group bearing an atom having 
one or more lone pair of electrons (e.g. an oxygen, sulphur or nitrogen atom). Preferably, one of C or 
Ss, Ar^ or Ss, or Ar^ or Ss, as appropriate, will have a binding groi^ comprising biotin, and flie other 
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of C or Ss, Ar^ or Ss, or Ar^ or Ss, respectively, will have a binding groiq> comprising avidin or 
streptavidin. 

Alternatively, the hydrogen bond may be direct. 
Dipole-Dipole Bonding 

5 Where the bond is a dipole-dipole bond, it may be formed between permanent dipoles or between a 
permanent dipole and an induced dipole. 

Typically, in order to forai the dipole-dipole bond, one of Ss and Ihe compound of the invention has 
a permanotit dipole and the other of Ss and the compound of the invention has an induced d&pole or a 
permanent dipole, the attraction between tbe dipoles forming a dipole-dipole bond. 

10 Preferably, Ss comprises binding groups (e.g. acid groups, -(NMea)^, carboxy, carboxylate, 
phosphate or sulphate groups) which produce a dipole at the surface of the solid siqpport to bind the 
compound of the invention. 

Van der Waals Bonding 

Where the bond is a van der Waals bond, the bonding is usually provided by binding groups present 
15 on C or Ss, Ar^ or Ss, or Ar^ or Ss, respectively. 

Typically, in order to form the van der Waals bond, at least one, but preferably both, of C or Ss, Ar* 
or Ss, or Ar^ or Ss, as appropriate, will have a hydrocarbyl or heterohydrocarbyl group (usually a 
large hydrocarbyl group having at least ten carbon atoms up to about SO carbon atoms), optionally 
substituted with one or more A. Polyfluorinated hydrocarbyl and heterohydrocarbyl groups are 
20 particularly preferred Typically, tbe hydrocarbyl or heterohydrocarbyl groups are aryl or heteroaryl 
groups or groups of the formula -C(R^Ar^, -C(R^Ar^)2 or -C(Ar^)3. where Ar^ is independently 
defined the same as Ai^ and is H, Ci^ hydrocarbyl, Ci-s hydrocarbyl substituted by one or more 
A, Ci^ heterohydrocarbyl or Ci.8 heterohydrocarbyl siibstitLited by one or more A. 

A preferred binding group is tetrabenzofuUerene (formula X). 

(formula X) 




25 

Alternatively, flie van der Waals bond may be direct 
Bond Cleavage 

Preferably, the ions of formula (I') have a pKrf value of at least zz, where is 0 or more {e.g. 0, 1, 2, 
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14). More preferably, zz is 1 or more, stiU more preferably 2 or 
30 more, still more preferably 3 or more. 
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Preferably, the compotmds of formula (Ha) or (lib) or the solid siqpports of formula (IVai), (TVali), 
(IVaiii), (IVbii), (IVbiii), (IVaiv) or (TVbiv) provide ions of formula (T) having a pKrf value of at 
least zz, where zz is defined above. 



The C-X bonds are cleavable by irradiation, electron bombardment, electrospray, fast atom 
bombardment (FAB), inductively coupled plasma (ICP) or chemical ionisation. Preferably, the C-X 
bonds are cleavable by irradiation or chemical ionisation. 

The term ^irradiation' includes, for exanq>le, laser illumination, in particular as used in MALDI mass 
spectrometry. Laser light of about 340 nm is particularly preferred because it is typically used in 
MALDI mass spectrometers. 

The term 'electron bombardment' includes, for example, bombardment with electrons having energy 
of about 70 ev. 

Chemical ionisation can be effected, for example, by treatment with acid or acidic matrices (e.g. 
acidic matrices used in MALDI analysis). 

Preferably group X is halog^ hydroxy, Ci-shydrocarbyloxy, Ci.8hydrocarbyloxy substituted with 
one or more A, Ci^heterohydrocarbyloxy, Ci-gheterohydrocarbyloxy substituted with one or more 
A, mesyl, tosyl, pentafluorophenyl, -O-succinimidyl -S-succinimidyl, or phenyloxy substituted with 
one or more A e.g. p-nitrophenyloxy. The groiq)s pentafluorophenyl, -O-succinimidyl, 
-S-succinimidyl, and p-nitrophenyloxy are preferred. 

Particularly preferred groups X are halogen, hydroxy, Ci^hydrocarbyloxy. Especially preferred 
groiq)s are hydroxy (e.g. compounds 61a & 62a), ethoxy {e.g, conq)o\md 62b) and chloro (e.g. 
compound 64b) groups. 

Other preferred groups X are alkyl ethers, e.g. : 



C-XBonds 




H3C 



(e.g. QompovaiA 63:0; or 
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o 

4-0-, O^N^ 



CH3 




/ \ 



CN 



^e.g. compound 63d). 

Group X may also be a -Q-oligonucleotide, where Q is O, S or N(R), where R is H, Ci-shydrocarbyl 
or Ci-shydrocarbyl substituted with one or more A. Q is preferably O. 

Gioup X may also be a nucleoside, preferably where the nucleoside is bound via its S* end, e.g. : 

o 



HN 



CH3 




o 



H3C 



CN 



In some embodiments of Ihe invention, X is not H. If X is H, preferably at least one of Ar^ and Ar^ is 
polycyclic, heterocyclic or unsubstituted 

Preferred examples of group X are shown in figure 4. 

Ionic C* JT* Bonds 
10 X* is any counterion for forming salts with compounds of the invention. 

X* includes ions having single charges and multiple charges. Typically ions having multiple 
charges will be associated with an appropriate number of confounds of formula (lib), (IVbii), 
(IVbiii) or (IVbiv), in order to balance the charge. Ions having multiple charges include doubly 
charged ions (e.g. SOa^') and triply charged ions. X* preferably has a single charge. 

15 Tlie counterion X* may be dissociated &om the derivative of formula (lib), (TVbii), (IVbiii), (TVbiv) 
or (Vbii) by irradiation, electron bombardtnent, electrospray, fast atom bombardment (FAB), 
inductively coupled plasma (ICP) or chemical ionisation. Preferably, the counterion X* may be 
dissociated by irradiation. 

When X* is a cation, X* is preferably IT*" or IA\ especially Lt. 
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When X* is an anion, X* is preferably, BF4 or C104', especially BF4 ie.g. conq)Oimds 28b, 28c & 
28d). 

It is preferred that X^ is an anion. 

Preferred examples of group X*are shown in figure 4. 

5 C—Ss. Ss-'-Ar^ orSs—Ai^ 

The C- - -Ss, Ss- - -Ar^ or Ss- - -Ar^ bonds are cleavable by irradiation, electron bombardment; 
electrospray, fast atom bombardment (FAB), inductively coupled plasma (ICP) or chemical 
ionisation. Preferably, the C- - -Ss, Ss- - -Ar* or Sg- - -Ar^ bonds are cleavable by irradiation or chemical 
ionisation. 

10 Where appropriate, the C Ss, Ss- - -Ar^ or Ss- - -Ar^ bonds may be cleaved simultaneously or 

sequentially with the cleaving of the C-X bond or the dissociation of X*, as appropriate, by 
selection of suitable cleaving/dissociating conditions. 

In one embodiment of the invention, the C — Ss bond in the solid support of formula (Vai) may be 
cleaved in sub-steps of step (iia) so that in a first sub-step a residue X (where X is the leaving group 
15 defined above) is provided and in a second subsequent sub-step the C-X bond is cleaved thereby 
forming the ion of formula (I). If desired, the second sub-step may be carried out substantially (e^g. 
seconds, minutes, hours or even days) after the first sub-step. 

Ai^andAr" 

20 Ar^ is independently an aromatic group or an aromatic group substituted with one or more. A and is • 
preferably independently cyclopropyl, cyclopropyl substituted with one or more A, aryl, aryl 
substituted with one or more A, heteroaryl, or heteroarji substituted with one or more A. 

Where aryl or substituted aryl, Ar^ is preferably Ceoo aryl or substituted Ce-so aiyl. Where heteroaryl 
or substituted heteroaryl, Ar^ is preferably Ce-so heteroaryl or substituted C6.30 heteroaryl. 

25 Examples of aryl and heteroaryl are monocyclic aromatic groups (eg. phenyl or pyridyl), fiised 
polycyclic aromatic groups (e.g. napthyl, such as 1-napthyl or 2-napthyl) and unfiised polycyclic 
aromatic groups (e.g. monocyclic or fiised polycyclic aromatic groups linked by a single bond, a 
double bond, or by a -<CH=CH),- linking groi?), where r is one or more {e.g. 1, 2, 3, 4 or 5). 

Other exanq)les of aryl groiq)s are monovalent derivatives of aceantfarylene, acenaphthylene, 
30 acephenanthrylene, andiracene, azulene, chrysene, coronene, fluorantfaene, fluorene, o^-indacene, s- 
indacene, indene, naphthalene, ovalene, perylene, phenalene, phenanthrene, picene, pleiadene, 
pyrme, pyranthrene and mbicene, which groups may be optionally substituted by one or more A. 

Other exanq>les of heteroaryl groups are monovalait derivatives of acridine, carbazole, )?-carboline, 
chromene, cinnoline, furan, imidazole, indazole, indole, indolizine, isobcDzofiiran, isochromene, 
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isoindole, isoquinoline, isotbiazole, isoxazole, naphthyridine, periinidine, phenantlmdine, 
phenanthroline, phenazine, phthalazine, purine, pyran, pyrazine, pyrazole, pyridazine, pyridine, 
pyrimidine, pyrrole, pyrrolizine, quinazoline, quinoline, quinolizine, quinoxaline, thiophene and 
xanthene, which groups may be optionally substituted by one or more A. Preferred heteroaryl groups 
S are five- and six-membered monovalent derivatives, such as the monovalent derivatives of furan, 
imidazole, isotbiazole, isoxazole, pyran, pyrazine, pyrazole, pyridazine, pyridine, pyrimidine, 
pyrrole, pyrrolizine and thiophene. The five-membered monovalent derivatives are particularly 
preferred, te, the monovalent derivatives of fiiran, imidazole, isothiazole, isoxazole, pyrazole, 
pyrrole and thiophene. The heteroaryl groiips may be attached to the remainder of the compound by 
10 any carbon or hetero (e.g. nitrogen) atom. 

Ai^ ik preferably Ce-soaryl substituted by one or more A, preferably phenyl or napthyl {e.g. 1-napthyl 
or 2-napthyl, especially 2-napthyl) substituted by one or more A, more preferably phenyl substituted 
by one or more A. When Ar^ is phenyl, A is preferably provided in a position ortho or para to C*. 
Whm Ar^ is other tiban phenyl, A is preferably attached to an atom which bears the charge in at least 
IS one of the resonance structures of the ions of formula (I). 

Fused polycyclic aromatic groups, optionally substituted with one or more A, are particularly 
preferred. 

A particularly preferred Ar^ is unsubstituted pyrenyl or pyrenyl substituted with one or more A. 
Unsubstituted pyrenyl is preferred- The pyrenyl group may be l-pyrenyl {e,g. compounds 38a, 38b, 
20 39a, 41a & 41b), 2-pyrenyl {e,g, compounds 42a & 42b) or 4-pyrenyl {e.g. compounds 43a & 43b). 

Preferred hetaroaryl Ar^ groups, whether substituted or unsubstituted, are pyridyl, pyrrolyl, thienyl 
and fiiryl, especially thienyl. 

A preferred Ar^ group is thiophenyl or thiophenyl substituted with one or more A. Unsubstituted 
fhiophenyl is preferred. Examples of thiophenyl are thiophen-2-yl and thiophen-3-yl, with thiophenr 
25 2-yl being especially preferred (e.g. compounds SOa, 5 la & 5 lb). 

When substituted, Ar^ is preferably substituted by 1, 2 or 3 A. Ar^ is preferably: 

OMe 



Mel 






When unsubstituted, Ar^ is preferably: 

(e.g compounds 24a, 24b & 24c) 



30 ((s.g. coiiq>oiiiid 52a) 
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In another preferred embodiment, Ar^ is cyclopropyl or cyclopropyl substituted with one or more A. 
Unsubstituted cyclopropyl is preferred (e.g. con[q)ound 44a). One or more, preferably one, of Ar^ 
5 may be cyclopropyl. 

Preferred exanq)les of group Ar^ are shown in figures 3A and 3B. 

Ar* is independently an aromatic group or an aromatic group substituted witihi one or more A. The 
definition of Ar' is the same as Ar^ (as defined above), except that the valency of the group Ar* is 
10 adapted to accommodate the q instances of the linker Lm- Preferred Ar^ groups are also preferred Ar^ 
groups, (as defined above), except tiiat the valency of the group Ar* is adapted to accommodate the q 
instances of the linker Lm- 

When q = 1, At' is a divalent radical and is preferably independentiy cyclopropylene, cyclqpropylene 
substituted with one or more A, arylene, arylene substituted with one or more A, heteroarylene, or 
IS heteroarylene substituted with one or more A. 

Where arylene or substituted arylene, Ar^ is preferably Cmo arylene or substituted €5.30 arylene. 
Where heteroarylene or substituted heteroarylene, Ar^ is preferably Ce-ao heteroarylene or substituted 
C6.30 heteroarylene. 

Examples of arylene and heteroarylene are monocyclic aromatic groups (e,g. phenylene or 
20 pyridylene), fiased polycyclic aromatic groups (e.g. napthylene) and unfiised polycyclic aromatic 
groups {e.g. monocyclic or fused polycyclic aromatic groups linked by a single bond, a double bond, 
or by a -(CH=CH)r- linking group, where r is one or more (e.g. 1, 2, 3, 4 or 5). 

Other examples of arylene groups are polyvalent derivatives (where the valency is ad^ed to 
accommodate the q instances of flie linker Lm) of aceanthrylene, acenaphtihylene, acephenanthrylene, 
25 anthracene, azulene, chrysene, coronene, fluoranlhene, fluorene, as-indacene, ^-indacene, indene, 
naphthalene, ovalene, perylene, phenalene, phenanthrene, picene, pleiadene, pyrene, pyranthrene and 
rubicene, which groups may be optionally substituted by one or more A. 
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Other exanq)les of heteroarylene groups are polyvalent derivatives (where the valency is acU^ted to 
accommodate the q instances of the linker Lm) of acridine, carbazole, ;9-carboline, chromene, 
cinnoline, fiiran, imidazole, indazole, indole, indolizine, isobenzofuran, isochromene, isoindole, 
isoquinoline, isolhiazole, isoxazole, naphthyridine, perimidine, phenanthridine, phenanthroline, 
5 phenazine, phthalazine, purine, pyran, pyrazine, pyrazole, pyridazine, pyridine, pyrimidine, pyrrole, 
pyrrohzine, quinazoUne, quinoline, quinolizine, quinoxaline, thiophene and xanthene, vMch groups 
may be optionally substituted by one or more A. Preferred heteroaryl groups are five- and six- 
membered poljrvalent derivatives, such as the polyvalent derivatives of fiiran, imidazole, isothiazole, 
isoxazole, pyran, pyrazine, pyrazole, pyridazine, pyridine, pyrimidine, pyrrole, pyrrolizine and 
10 thiophene. The five-membered polyvalent derivatives are particularly preferred, le. the polyvalent 
derivatives of furan, imidazole, isothiazole, isoxazole, pyrazole, pyrrole and thiophene. The 
heteroaryl groups may be attached to the remainder of the compound by any carbon or hetero (e.g. 
nitrogen) atom. 

Ar^ is preferably Ce-aoarylene substituted by one or more A, preferably phenylene or napthylene 
15 siibstituted by one or more A, more preferably phenylene substituted by one or more A. When Ar' is 
phenylene, A is preferably provided in a position ortho or para to C *. When Ar^ is other than 
phenylme, A is preferably attached to an atom which bears the charge in at least one of the resonance 
structures of the ions of formula (I). 

When substituted, Ar^ is preferably substituted by 1, 2 or 3 A. 
20 When unsubstituted, preferred Ar' are: 




(e.g. compound 40a) 
Preferred examples of group Ar^ are shown in figures 3A and 3B, 

Combinations ofAr 

25 Optionally two or three of the groups Ar^ and Ar^ are linked together by one or more L^, where is 
independentiy a single bond or a linker atom or group; and/or two or three of the groins Ar^ and Ar^ 
together form an aromatic group or an aromatic group substituted with one or more A. 

When is a linker groiq), preferred linker groups are -E^-, -(D^)f-, -(E^-D^)f-, -(D^"E^)t-, 
-E^-(D^-E^)f - or -D^-(E^-D^)f 
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is indepeadently Ci^hydrocarbylene or Ci^hydrocarbylene substituted with one or more A. 

is independentiy -Z^ -C^Z^ -Z^C(=Z^)-, -C(=Z')Z^ .Z^C(=Z^)ZS -S(=OK -Z^S(=0)-, 
-S(=0)Z^-, -Z^S(=0)Z^-, -S(=0)2-, ~Z^S(=0)2-, -S(=0)2Z\ -Z^S(=0)2Z^-, where Z^ is independently 
O, S or N(R^) and where is independently H, Ci^hydrocarbyl or Ci^hydrocarbyl substituted with 
5 one or more A. Prefembly E^is -0-, -S-, -C(=OK -C(=0)0-, -C(=SK -C(=S)0-, -OC(=SK 

-c(=o)s-, -scx==OK -s(OH -s(0)2-, -n(r^k -c(=o)ncr% -c(=s)N(r^)-, -n(r')C(=ok 

.N(R^)C(=SK -S(=0)N(R^K -N(R^)S(=OK -S(=0)2N(R% -N(R')S(=0)2-, -0C(=0)0-, 
.SC(=0)0-, -OC(=0)S-, -N(R^)C(=0)0-, -OC(=0)N(R% -N(R')C(=0)N(R% -N(R^)C(=S)N(R^)-, 
-N(R^)S(=0)N(R^)- or -N(R^)S(=0)2N(R% 

10 t' = 1 or more, e.g. from 1 to 50, Ito 40, 1 to 30, 1 to 20 or 1 to 10, Preferably H = 1, 2, 3, 4, 5, 6, 7, 8, 
9, or 10. Most preferably t'=l . 

Where includes an atom or group which also falls within the definition of group M, the group M is 
preferably more reactive than the group included in L^. 

is preferably a linker atom, inreferably O or S, particularly O. 

15 When is a linker group, a preferred is -N(R^)-. 

In another embodiment in which is a linker group, is -S(=0)- (e.g, compound 56b) 

When two of the groiq)s Ar^ and Ar^ are linked together by one or more (e.g. 2, 3 or 4) L^, they are 
preferably linked together by one L^, preferably O. 

Preferred combinations of Ar are two Ar^ {eg, two Ar^ phenyl groups) linked together by one l/ 
20 (e.g. O or S). 

Particularly preferred combinations of Ar are two Ar^ phenyl groups, optionally substituted by one or 
more A (preferably unsubstituted), linked together by one {e.g. O or S), ^ere is is ortho to C* 
with respect to both phenyl groups. Especially preferred combinations of two Ar^ groups are: 

(e.g compounds 48a, 48b, 48c, 48d & 48e) 




(e.g. conapound 49a). 



to anolher enxbodiment, at least one Lm is linked to an atom or groiip L^. In this embodiment, the 
prefmed mentioned above are, where Expropriate, modified to remove substituents in order to 
accommodate Lm, e.g. the substituent of the group -N(R^)- is replaced by Lm. In this embodiment, 
the L^ groiq> to xidiichLM is bound is preferably: 
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/ 

V 

Lm 

\ 

Preferred combinations of Ar* and/or Ar^ in this embodiment are: 

\=/ {e.g. compound 28c) and \=/ {e.g. compounds 28d & 47b) 

When two or three of the groixps Ar* and Ar^ together form an aromatic group or an aromatic groiq> 
S substituted with one or more the aromatic group may be a carbocyclic aromatic group or a 
carbocyclic aromatic group in which one or more carbon atoms are each replaced by a hetero atom. 
Typically, m an aromatic group in which one or more carbon atoms are each replaced by a hetero 
atom, up to three carbons are so replaced, preferably up to two carbon atoms, more preferably one 
carbon atom. 

10 Preferred hetero atoms are O, Se, S or N, more {xreferably O, S or N. 

When two or three of the groiips Ar^ and Ar^ together form an aromatic group or an aromatic group 
substituted with one ot more A, preferred aromatic groups are Cs-so aromatic groups. 

The aromatic groups may be monocyclic aromatic groups (e.g; radicals of suitable valency derived 
from benzene), fused polycyclic aromatic groups {e.g. radicals of suitable valency derived from 
IS n^thalene) and unfiised polycyclic aromatic groups {e.g. monocyclic or fused polycyclic aromatic 
groins linked by a single bond, a double bond, or by a-(CH=CE[)r- linking group, where r is one or 
more {e.g. 1, 2, 3, 4 or 5). 

When two or three of the groups Ar^ and Ar^ together form a carbopolycyclic fused ring aromatic 
group, preferred groups are radicals of suitable valency obtained from napthalCTe, anthracene or 
20 phenantfaracene, chrysene, aceanthrylene, acenaphthyiene, acephenanthrylene, azulene, fluoranthene, 
fluorene, o^-indacene, ^-indacene, indene, phenalene, andpleiadme. 

When two or three of the groups Ar* and Ar^ together form a carbopolycyclic fused ring aromatic 
group in which one or more carbon atoms are each replaced by a hetero atom, pref^red groves are 
radicals of suitable polyvalency obtained from acridine, caibazole, ^-caxboline, chromene, cinnoline, 
25 indole, indolizine, isobenzofriran, isochromene, isoindole, isoquinoline, naphthyridine, perimidine, 
phenanthridine, phenanthroline, phenazine, phthaJazine, pteridine, purine, pyrrolizine, quinazoline, 
quinoline, quinolizine and quinoxaline. s. 
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SubstituHon ofAr^ and Ai^ -Anions and Cations 

When C* is a cation, A is preferably an electron-donating group, including -R^ or -Z'r\ where R* 
and are defined below. Preferably, R* is Ci^hydrocarbyl, more preferably Ci^alkyl, especially 
methyl. is preferably O, S or NR^ R^ may be substituted with one or more Sub^ hut is preferably 

5 unsubstituteA When C* is a cadon, A is preferably -OMe (e.g: confound 55a), -SMe (eg. 
compounds 53a, 53b, 53c, 53d & 53e), -N(Me)2(e.g: compounds 54a, 54b & 54c) or Me (eg. 
compound 58a). When C* is a cation. A, when an electron-donating group, is preferably provided 
(especially in relation to Ar^ or Ar^ being phenyl) in a position ortho or para to C*, preferably para. 
Furthermore, when C* is a cation. A, when an electron-withdrawing groiq) (e.g F (eg. compound 

10 57a)), is preferably provided (especially in relation to Ar^ or Ar^ being phenyl) in a position meta to 
C*. Thus, preferred groiqps Ar^ and Ar^ are as fellows: 




(e.g. compounds 53a, 53b, 53c, 53d & 53e) 




Me2N — ^ ^ 



MeO 



(e.g. confounds 54a, 54b & 54c) 
(e.g. compound 55a) 

F 

15 \=/ (e g; compound 57a) 




(e.g. conq)Ound 58a) 

o (e.g, compound 59b) 

When C* is an anion, A is preferably an electron-withdrawing group, including halogen, 
trihalomelhyl, -NO2, -CN, -'T>t(R%0% -CO2H, -COJR}, -SO3H, -SOR^ -SO2R', -SOaR*, 

20 -OC(=0)OR^ -C(=0)H, -C(=0)R\ -0C(=O)R^ -C(=0)NH2, -C(=0)NR^2, -N(R^)C(=0)OR^ 
-N(R')C(=0)NR^2, -0CX=0)NR*2, -N(R')C(=0)R', -C(=S)NR^2, -1SIR^C(=S)R\ -S021SIR'2, 
-NR^SOzRS -N(R*)C(=S)NR^2, or -N(R*)S02NR*2, where R^ is defined below. When C* is an 
anion. A, ^en an electron-withdrawing group, is preferably provided (especially in relation to Ar* 
or Ar^ being phenyl) in a position ortho or para to C*, preferably para. Furthermore, when C* is an 

25 anion. A, when an electron-donating group, is preferably provided (especially in relation to Ar^ or 
Ar^ being phoayl) in a position meta to C*. 
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The group A may also comprise one or more isotopes of the atoms making 15) group A (e.g. example 
60), thus, as discussed in more detail below, allowing Ifae masses of the compounds of the invention 
to be varied. Preferred isotopes are ^^C, ^^O and ^H. When providing a series of compounds which 
differ only in their masses, ^^C and ^^O are particularly preferred as atoms may cause a substantial 
S change in the chemical properties of the compound due to the kinetic isotope effect 

SoBdSupports 

^ Solid supports* for use with the invention include polymer beads, metals, resins, cohmms, sur&ces 
(including porous surfeces) and plates (e,g. mass-spectrometry plates). 

The solid support is preferably one suitable for use in a mass spectrometer, such that the invention 
10 can be conveniently accommodated into existing MS apparatus. lonisation plates from mass 
spectrometers are thus preferred solid supports, e.g. gold, glass-coated or plastic-coated plates. Solid 
gold siipports are particularly preferred 

Varying the mass of compounds of the invention 

Within the general formulae (T), (Ha), (lib), (TOa), (mb), (IVai), (IVaii), (IVaiii), (IVaiv), (IVbii), 
15 (IVbiii), (IVbiv), (Vai), (Vaii), (Vaiii), (Vaiv), (Vbii), (Vbiii) and (Vbiv), there is much scope for 
variation. There is thus much scope of variation in the mass of these compounds. 

The masses of the conq)ounds of the invention can be varied via Lm, Ar^ and/or Ai^. Preferably, the . 
masses of the compounds of the invention are varied by varying A on the groups Ar^ and/or Ai^. 

In this aspect of invention, compounds of the invention advantageously comprise one or more of F or 
20 I as substituents A of the groups Ar^ Ar^ or Ar^. F and I each only have one naturally occurring 
isotope, and *^^I respectively, and thus by varying the number of F and I atoms present in the 
structure of the compounds, can provide a series of molecular mass labels having substantially 
identical sh^ed peaks on a mass spectrum. 

Compounds of the invention may also include one or more atoms, preferably as a substituCTt A or 
25 a part thereof of the groups Lm, Ar\ Ar^ or Ar^ (in particular Lm), in order to vary flie masses of the 
compounds of the invention. The compounds of the invention may include isotopes of ^^C and ^^O, 
prefererably as a siibstituent A or a part thereof of the groups Lm, Ar^ Ar^ or Ar^ (in particular Ar^ 
Ar^ or Ar^), in order to vary the masses of the compounds of the invention. Compounds comprising 
^H, ^^C and ^^O may also be used to provide a series of molecular mass labels having substantially 
30 identical shaped peaks on a mass spectrum, by varing the number of ^H, ^^C and ^^O atoms present in 
the structure of the compounds. When providing a series of compounds which differ only in their 
masses, ^^C and ^^O are particularly preferred as atoms may cause a substantial change in the 
chemical properties of the compound due to the kinetic isotope effect 

In order to increase the molecular mass of the conpounds of the invention and to increase the 
35 number of available sites for substitution by A, especially F and I, one or more of Ar^ and Ar^ may 
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be substituted by one or more dendrimer jradicals of appropriate valency, either as substituent A or 
gF0iq>I^. 

Preferred dendrimer radicals are the radicals obtained from the dendrimers of US 6,455,071 and 
PAMAM dendrimers. 

5 Chemical Groups 

The ions of the invention are stabilised by the resonance effect of the aromatic groups Ar^ and Ar^. 
The term 'C* is a carbon atom bearing a single positive charge or a single negative charge' 
iherefore not only includes structures having the charge localised on the carbon atom but also 
resonance structures in which the charge is delocalised from the carbon atom. 

10 Hie term 'linker atom or group' includes any divalent atom or divalent group. 

The term 'aromatic group' includes quasi and/or pseudo-aromatic groups, e.g. cyclopropyl and 
cyclopropylene groups. 

The term 'halogen' includes fluorine, chlorine, bromine and iodine. 

The term 'hydrocarbyl' includes linear, branched or cyclic monovalent groups consisting of carbon 
15 and hydrogen. Hydrocarbyl groups thus include alkyl, alkenyl and alkynyl groiq)S, cycloalkyl 
(including polycycloalkyl), cycloalkenyl and aryl groups and combinations thereof, e.g. 
alkylcycloalkyl, alkylpolycycloalkyl, alkylaryl, alkenylaryl, cycloalkylaryl, cycloalkenylaryl, 
cycloalkylalkyl, polycycloalkylalkyl, arylalkyl, arylalkenyl, arylcycloalkyl and arylcycloalkenyl. 
groups. Preferred hydrocarbyl are C1.14 hydrocarbyl, more preferably Ci-g hydrocarbyl. 

20 Unless indicated explicitly otherwise, where combinations of groups are referred to herein as one 
moiety, e.g. arylalkyl, the last mentioned group contains the atom by which the moiety is attached to 
tibie rest of the molecule. 

The term 'hydrocarbylene' includes linear, branched or cyclic divalent groups consisting of carbon 
and hydrogen formally made by the removal of two hydrogen atoms from the same or different 

25 (preferably different) skeletal atoms of the group. Hydrocarbylene groaq)s thus include alkylene, 
alkenylene and alkynylene groups, cycloalkylene (including polycycloalkylene), cycloalkenylene and 
arylene groups and combinations thereo:^ e.g. alkylenecycloalkylene, alkylenepolycycloalkylene, 
alkylenearylene, alkenylenearylene, cycloalkylenealkylene, polycycloalkylenealkylene, 
arylenealkylene and arylenealkenylene groiqps. Preferred hydrocarbyloae are C1.14 hydrocarbylene, 

30 more preferably Ci-8 hydrocarbylene. 

The term 'hydrocaibyloxy' means hydrocarbyl-O-. 

The temxs 'alkyl', 'alkylene', 'alkenyl', 'alkenylene', 'alkynyl', or 'alkynylene' are used herein to 
refer to both straight, cyclic and branched chain forms. Cyclic groups include Cs^ groups, preferably 
groups. 
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Hie tenn 'alkyl' includes monovalent saturated hydrocarbyl groiq)S. Preferred alkyl are Ci^, more 
preferably Ci^ alkyl such as methyl, ethyl, n-prqpyl, i-piopyl or t-bulyl groups. 

Preferred cycloalkyl are C5.8 cycloaUcyl. 

The term 'alkoxy' means alkyl-O-. 

5 The terai ^alkenyP includes monovalent hydrocarbyl groups having at least one carbon-carbon 
double bond and preferably no carbon-carbon triple bonds. Preferred alkenyl are Cm alkenyL 

The term ^alkynyl' includes monovalent hydrocarbyl groiqps having at least one carbon-carbon triple 
bond and preferably no carbon-carbon double bonds. Preferred alkynyl are Ct^ alkynyl. 

The term 'aryP includes monovalent aromatic groups, such as phenyl or naphthyl. In general, the aryl 
10 groups may be monocyclic or polycyclic fused ring aromatic groups. Preferred aryl are Ce-Cwaiyl. 

Other examples of aryl groups are monovalent derivatives of aceanthrylene, acenaphthylene, 
acephenanthrylene, anthracene, azulene, chrysene, coronene, fluoranthene, fluorene, ay-indacene, 
indacene, indene, naphthalene, ovalene, perylene, phenalene, phenanthrene, picene, pleiadene, 
pyrene, pyranthrene and rubicene. 

15 The term 'alkylene' includes divalent saturated hydrocarbylene groups. Preferred alkylene are Ci^ 
alkylene such as methylene, ethylene, n-propylene, i-propylene or t-butylene groups. 

Preferred cycloalkylene are Cs^ cycloalkylene. 

The term 'alkenylene' includes divalent hydrocarbylene groups having at least one carbon-carbon 
double bond and preferably no carbon-carbon triple bonds. Preferred alkenylene are Cz^ alketQrlene. 

20 The term *alkynylene' includes divalent hydrocarbylene groups having at least one carbon-carbon 
triple bond and preferably no carbon-carbon double bonds. Preferred alkynylene are Ca^ alkynylene. 

The term 'arylene' includes divalent aromatic groups, such phenylene or n^hthylene. In general, the 
arylene groups may be monocyclic or polycyclic fiised ring aromatic groups. Preferred arylene are 
C6-Ci4arylene. 

25 Olher examples of arylene groups are divalent derivatives of aceanthrylene, acenaphth^ene, 
acephenanthrylene, anthracene, azulene, chrysene, coronene, fluoranthene, fluorene, osr-indacene, 
indacene, indene, naphthalene, ovalene, peryloK, phenalene, phenanthrene, picene, pleiadene, 
pyrene, pyranthrene and rubicene. 

Hie term 'heterohydrocarbyr includes hydrocarbyl groups in which up to three carbon atoms, 
30 preferably up to two carbon atoms, more preferably one carbon atom, are each replaced 
iadependendy by O, S, Se or N, preferably O, S or N. Heterohydrocaifoyl groups Ihxis include 
heteroalkyl, heteroalkenyl and heteroalkynyl groups, cycloheteroalkyl (including 
polycycloheteroalkyl), cycloheteroalkenyl and heteroaryl groups and coxnbinations thereof, e.g. 
hetm>alkyl(^cloalkyl, alkylcycloheteroalkjrl, heteroalkylpolycycloall^l, alkylpolycycloheteroalkyU 
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heteroalkylaryl, alkylheteroaryl, heteroalkenylaryl, alkeaylheteroaryl, cycloheteroaliylaiyl, 
cycloalkylheteroatyl, heterocycloalkenylaryl, cycloalkeaylheteroaryU qrcloalkylheteroalkyl, 
cycloheteroalkylalkyl, polycycloalkylheteroalkyl, i)olycycloheteroallylalkyl, arylheteroaliyl, 
heteroacylalkyl, arylheteroalkenyl, heteroarylalkenyl, aiylcycloheteroalkyl, heteroarylcycloalkyl, 
5 arylheterocycloalkenyl and heteroarylcycloalkeiiyl groixps. The heterohydrocarbyl groups may be 
attached to Ihe remainder of the compoimd by any carbon or hetero (e.g. nitrogen) atom. 

The term *heterohydrocarbylene' includes hydrocarbylene groups in which up to three carbon atoms, 
preferably up to two carbon atoms, more preferably one carbon atom, are each replaced 
independently by O, S, Se or N, preferably O, S or N. Heterohydrocarbylene groups thus include 

10 heteroaliylene, heteroalkenylene and heteroalkynylene groups, cycloheteroalkylene (including 
polycycloheteroalkylene), cycloheteroalkenylene andheteroarylene groups and combinations thereoi^ 
e.g. heteroaUcylenecycloalkylene, alkylenecycloheteroalkylene, heteroalkylenepolycycloalkylene, 
alkylenepolycycloheteioalkylene, heteroalkylenearylene, alkyleneheteroarylene, 

heteroalkenylenearylene, alkenyleneheteroarylene, cycloalkyleneheteroalkylene, 

IS (^cloheteroalkylenealkylene, polycycloalkyleneheteroalkylene, polycycloheteroalkylenealkylene, 
aryleneheteroalkylene, heteroarylenealkylene, aryleneheteroalkenylene, heteroarylenealkenylene 
groups. The heterohydrocarbylene groups may be attached to the remainder of the compound by any 
carbon or hetero (e.g. nitrogen) atom. 

Where reference is made to a carbon atom of a hydrocarbyl or other groiqp being replaced by an O, S; 
20 SeorNatom, what is intended is lhat: 

— CH— , , _ — N — 
I IS replaced by | 

-CH= is replaced by -N=; or 

-CH2- is replaced by -0-, -S- or -Se-. 

The term 'hetetoalkyl' includes alkyl groups in vMch up to three carbon atoms, preferably up to two 
25 carbon atoms, more preferably one carbon atom, are each replaced independently by O, S, Se or N, 
preferably O, S orN. 

The term 'heteroalkenyl' includes alkenyl groi5)S in which up to three carbon atoms, preforably up to 
two carbon atoms, more preferably one carbon atom, are each replaced independently by O, S, Se or 
N, preferably O, S or N. 

30 The term *heteroalkynyr includes alkynyl groups in which up to three carbon atoms, preferably up to 
two carbon atoms, more preferably one carbon atom, are each replaced independently by O, S, Se or 
N, preferably O, S or N. 

The term 'heteroaryl' includes aiyl groiq)s in which up to three carbon atoms, preferably up to two 
carbon atoms, more preferably one carbon atom, are each replaced independently by O, S, Se or N, 
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preferably O, S or N. Preferred heteroaryl are Cs-i-ilieteroaryl. Exatuples of heteroaryl are pyridyl, 
pyrrolyl, tfaienyl or furyl. 

Other examples of heteroaryl groups are monovalent derivatives of acridine, carbazole, )8-carboline, 
chromene, cinnoline, furan, imidazole, indazole, indole, indolizine, isobenzofiiran, isochromene, 
5 isoindole, isoquinoline, isothiazole, isoxazole, naphthyridine, perimidine, phenanthridine, 
phenanthroline, phenazine, phthalazine, purine, pyran, pyrazme, pyrazole, pyridazine, pyridine, 
pyrtmidine, pyrrole, pyirolizine, quinazoline, quinoline, quinolizme, quinoxaline, thiophene and 
xanthene. Preferred heteroaryl groups are five- and six-membered monovalent derivatives, such as 
the monovalent derivatives of fiiran, imidazole, isothiazole, isoxazole, pyran, pyrazine, pyrazole, 
10 pyridazine, pyridine, pyrimidine, pyrrole, pyrrolizine and thiophene. The five-membered monovalent 
derivatives are particularly preferred, te. the monovalent derivatives of fiiran, imidazole, isotiiiazole, 
isoxazole, pyrazole, pyrrole and thiophene. 

Hie term 'heteroalkylene' includes alkylene groups in which up to three carbon atoms, preferably up 
to two carbon atoms, more preferably one carbon atom, are each replaced independently by O, S, Se 
15 or N, preferably O, S or N. 

The term 'heteroalkenylene' includes alkenylene groups in which up to three carbon atoms, 
preferably up to two carbon atoms, more preferably one carbon atom, are each replaced 
independently by O, S, Se or N, preferably O, S or N. 

The term 'heteroalkynylene' include alkynylene groups in which up to three carbon atoms, 
20 preferably up to two carbon atoms, more preferably one carbon atom, are each replaced 
independently by O, S, Se or N, preferably O, S or N. 

The term 'heteroarylene' includes arylene groups in which up to three carbon atoms, preferably up to 
two carbon atoms, more preferably one carbon atom, are each replaced independently by O, S, Se or 
N, preferably O, S or N. Preferred heteroarylene are C5.i4heteroarylene. Examples of heteroarylene 
25 are pyridylene, pyrrolylene, thienylene or furylene. 

Other examples of heteroarylene groups are divalent derivatives (where the valenqr is adapted to 
accommodate the q instances of Ifae linker Lm) of acridine, caxbazole, )9-carboline, chromene, 
cinnoline, furan, imidazole, indazole, indole, indolizine, isobenzofiiran, isochromene, isoindole, 
isoquinoline, isothiazole, isoxazole, naphthyridine, perimidine, phenanthridine, phenanthroline, 

30 phenazine, phthalazine, purine, pyran, pyrazine, pyrazole, pyridazine, pyridine, pyrimidine, pyrrole, 
pyrrolizine, quinazoline, quinoline, quinolizine, quinoxaline, thiophene and xanthene. Preferred 
heteroarylene groups are five- and six-membered divalent derivatives, such as the divalent 
derivatives of ftiran, imidazole, isothiazole, isoxazole, pyran, pyrazine, pyrazole, pyridazine, 
pyridine, pyrimidine, pyrrole, pyrrolizine and thiophene. The five-membered divalent derivatives are 

35 particularly preferred, i.e. tiie divalent derivatives of fiiran, imidazole, isothiazole, isoxazole, 
pyrazole, pyrrole and thiophene. 
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SubsdtttHon 

A is independently a substituent, preferably a substituent Sub^ Alternatively, A may be ^H. 

Sub^ is independently halogen, trihalomethyl, -NO2, -CN, -]Sr'(R^)20-, -CO2H, -C02R^ -SO3H, -S0R\ 
.S02R\ -SO3R', -OC(=0)OR^ -C(=0)H, -C(=0)R^ -OC(=0)R^ -NR'2, -C(=0)NH2, -C(=0)NR'2, 
5 -N(R')C(=0)0R^ -N(R')C(=0)NR'2, -0C(=0)NR'2, -N(R^)C(=0)R^ -C(=S)NR*2, -NR'C(=S)R^ 
.S02NR'2, -NR'S02RS -N(R')C(-S)NR'2, -N(R')S02NR^2, -R^ or -Z^R^ 

ZMsO, S,Seor]SIR^ 

is independently H, Ci^hydrocarbyl, Ci^ydrocarbyl substituted witb one or more S,^,^ 
Ci-shet^ohydiocarbyl or Ci-sheterohydrocarbyl substituted with one or more Sub^. 

10 Sub^ is independentiy halogen, trihalomethyl, -N02i -CaST, -N*(Ci^alkyl)20-, -CO2H, -COaCLealkyl, 
-SO3H, -SOCi^alkyl, -SOzCi^aJkyl, -SOsCi-ealkyl, -OC(=0)OCi^alkyl, -C(=0)H, .C(=0)Ci.6alkyl, 
-0C(=0)Ci.6alkyl, -N(Ci^alkyl)2, -C(=0)1SIH2, -C(=0)N(C,^alkyl)2, 

-N(Ci^alkyl)C(=0)0(Ci^alkyl), .N(Ci^alkyl)C(=0)N(Ci^a]kyl)2, -OC(=0)N(Ci.6alkyl)2, 
-N(C,.6alkyl)C(=0)Ci^aIkyl, -C(=S)N(Ci^alkyl)2, -N(Ci^a]kyl)C(==S)Ci^alkyl, -S02N(Ci.6alkyl)2, 

15 -N(Ci.6alkyl)S02Ci^alkyl, .N(Ci^alkyl)C(=S)N(Ci.6alkyl)2, -N(Cwalkyl)S02N(Ci^alkyl)2, Ci^alkyl 
or-Z^Ci^alkyl. 

Where reference is made to a substituted group, the substituents are preferably from 1 to 5 in number, 
most preferably 1. 

Preferred examples of substituent group A are shown in figure 5, 
20 Miscettmeous 

A may optionally be a monovalent dendrimer radical or a monovalent dendrimer radical substituted 
with one or more substituents Sub^ 

General 

The term "comprising*' means "including" as well as "consisting" e.g. a composition "comprising" X 
may consist exclusively of X or may include something additional e.g, X + Y. 

The term "aboutf in relation to a numerical value x means, for example, jc±10%. 

The word "substantially" does not exclude "completely" e.g. a composition -which is "substantially 
free" from Y may be completely free from Y. Where necessary, the word "substantially" may be 
omitted from the definition of the invention. 
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Table I — C* is a cation 



Formula 


Structure 


Fonnula (I') 


(Ar^),— C— [Ar»-(LM{M}p)J^ 


Formula (Hb) 


(Ai^)tf— C— [Ar^— (Lm{M}p)J„ 
© 

xe 


Formula (IVbii) 


Ari (LM{M}p)q 

(Al2)n— C— [Ar^— (LM{M}p)qln.l 

xe 


Formula (IVbiii) 


(Ai2)«-i— C— [Ar*— (Lm{M}p)J« 
® 

xe 


Formula (TVbiv) 


{M}p.iLMM'L-(sr) 

Ari (LM{M}p)q.i 

(Ai2)rf^C— [Ar^— (LM{M}p)q]«. 
® 

xe 



Table2 — n = 2,m ^ l,p = 1 andq^ 1 



Formula- 


-Structure y 


Formula (T) 


Ai2 

Ar^— C— At*— LmM 


Formula (Ha) 


A? 

Ax^—C — Ar^— LmM 
X 
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Ai2 


Formula mb^ 


Ar^— C— Ar^— LmM 
★ 






Formula (IVai) 


Ai^— C— Ar^— LmM 

1 
1 

0 






Fomiula(IVaii) 


At^-LmM 
1 

X ^ 






0. 


Fonnula (IVaiii) 


"Ai2 

Ar^ — C— At*— LmM 
1 

X 








Formula (IVaiv) 


AT^ — U — At 
1 






Formula (IVbii) 


^ A *•! T X if 

At— LmM 

Ar^— C— Ai^ 
it 






Formula (IVbiii) 


Ar 

Ai^ — C— Ar^— LmM 
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WM 1 &s J 

\ 1 


Formula (IVbiv) 






Ai2— C— Ai^ 




★ 






BBIEF DESCRIPTION OF THE DRAMHINGS 



Figures 1 A and IB show preferred exaniples of group Lm- 
Figures 2A and 2B show preferred examples of group M. 
5 Figures 3 A and 3B shows preferred examples of groups Ar^ and Ar^. 
Figure 4 shows preferred examples of groups X and X'A- . 
Figure S shows preferred examples of substitueat group A. 



MODES FOR CARRYING OUT THE INVENTION 

Hie conq)ounds of the invention may be prepared by a number of processes as described below. 

Ljid ~ -CH2CH2'' 
5 Example 1 




Br 



3-(4-Bromophenyl)propionic acid. 4-Bromobenzaldehyde (92,5 g, 0.50 mol) and Meldrum's acid 
(72.0 g, 0.50 mol) were dissolved in triethylamine-fonnic acid reagent (1.5 L) and the mixture was 
refluxed for 20 h, then diluted with water (4 L) and acidified with 6N HCl (1 L) until pH reached 2. 
^ 10 The precipitated solid was filtered off, washed with diluted HCl, and dissolved in S% NaHCOa. Ibe 
aqueous salt solution was washed with ether (4x400 mL), filtered and acidified witb diluted HCl. The 
resulting 3-(4-bromophenyl)propionic acid was filtered off and dried in vacuo over KOH and P4O10, 
yield 69.4 g (60 %). The compound was pure according to NMR. Rf 0.33 (CHCls-EtOAc, 9:1). An 
analytical sample was crystallyzed from toluene and showed mp 134°C. NMR (DMSO-^ia)* 9.52 (br. 
15 s, IH, OH); 8.00 (d, 2H, J- 8.1 Hz, Ar^; 7.73 (d, 2H, 8.1 Hz, Arfl), 3.41 (t, 2H, J= 7.5 Hz, 
ArCffe), 3.14 (t, 2H, J= 7.5 Hz, CjHiCO). 

1. SOCI2 ? 

pyridine / DOM 

(3-Methyl-3-oxetanyl)methyl 3-(4«bromopheny])propionate. 3-(4-Bromophenyl)propionic acid 
chloride was prepared in usual manner from 3-<;4-bromophenyl)propionic acid (5.50 g, 24 mmol) and 

20 oxalyl chloride (4.2 ml, 50 mmol) in benzene (30 mL) with following evaporation. 3-Methyl-3- 
oxetanemethanol (2.30 ml, 23 mmol) and pyridine (3.8 mL, 48 mmol) were dissolved in DCM (50 
mL) and crude 3-(4-bromophenyl)propionyl chloride in DCM (10 noL) was added drapwise within 
30 min with stirring and cooling on a water bath. The mixture was stirred for 16 h, then diluted with 
CHCI3 (200 mL), washed with water (2x200 mL), 5% NaHCOs (2x200 mL), 5% citric acid (3x100 

25 mL) and 10% NaHCOa (100 mL), dried over Na2S04, ev^orated and chromatogr£qphed on silica gel 
in CHQa. Yield 5.90 g (82%). Colorless oil which solidifies upon storage, nap around 30*'C. i?f 0.20 
(toluene-EtOAc, 9:1). NMR (CDCI3): 7.39 (d, 2H, J= 8.2 Hz, AiH); 7.07 (d, 2H, J= 8.2 Hz, AxH); 
4.44 (d, 2H, J= 6.0 Hz), 4.34 (d, 2H, J= 6.0 Hz) (CH2OCH2); 4.13 (s, 2H, CH2OCO); 2.91 (t, 2H, J 
= 7.6 Hz, ArC/fe), 2.66 (t, 2H, J= 7.6 Hz, CH2CO); 1.27 (s, 3H, CH3). 



30 
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l-I2K4-BromophenyI)eth3il-4-methyl-2,6,7-trioxabi^^ 3-Methyl-3-oxetanyl)- 
methyl 3-(4-bromophenyl)propionate (31.32 g, 100 mmol) was dissolved in dry DCM (100 mL), 
cooled on NaCl-ice bath to -15°C, and boron trifluoride dielfayl ethetate (3.1 mL, 25 nunol) was 
added in one portion. The mixture was stirred for Ih, then allowed to warm to room temperature, 

5 quenched with triethylamine (14 mL, 100 mmol) and diluted with diethyl ether (150 mL). The boron 
trifluoride-diethyl ether conqplex was filtered of^ the solution was ev^orated, and the residue was 
purified by flash chromatography on silica gel in toluene. Finally, the compound was crystallyzed 
fix>m toluene-^)etroleum ether to give colorless needles (24.86 g, 79%), mp 184^C (toluene- 
petroleum ether). i?f 0.35 (toluene-EtOAc, 9:1). NMR (pMSO-de): 7 A3 (d, 2H, J= 8.3 Hz, ArH); 

10 7.14 (d, 2H, J= 8.3 Hz, ArH); 3.84 (s, 6H, CifeO); 2.62 (m, 2H, ArCfli); 1.82 (m, 2H, ArCHiCHi); 
0.76(s,3H,C^r3). 



OM8 




l-(2-{4-[Hydroxy-bis(4-methoxyphenyl)methyl]phenyI}ethyl)-4-methyl-2,6,7-^ 

[2.2.2]octane. Magnesium turnings (0.30 g, 12.5 mmol) was placed in a three-neck flask (250 mL) 

15 and activated by heating with a iodine crystal. The flask was then equipped with dropping fiinnel, 
reflux condenser, and argon inlet. THF (20 mL) was added to magnesium and 5-7 mL of the solution 
of l-[2-(4-bromophenyl)ethyl]-4-methyl-2,6,7-trioxabicyclo[2.2.2]octane (3.13 g, 10 mmol) m THF 
(40 ixiL) was added. The mixture was heated under Ar near to boiling until a reaction started, tiien the 
remaining aryl bromide was added dropwise and the mixture was refluxed for 30 min. Using Ar 

20 pressure, the solution was filtered through glass wool in a 250 mL flask containing a solution of 4,4'- 
dimethoxybenzqphenone (2.42 g, 10 mmol) in THF (40 mL). The mixture was refluxed for 2 h, then 
cooled, quenched with 5% NaHCOa (200 mL), and extracted with EtOAc (2x100 mL). The organic 
layer was separated, dried over NaiSOA, and evaporated. The residue was chromatographed on silica 
gel column (2-^10% EtOAc in toluene containing 0.5% EtsN). The resulting oil was triturated in 

25 petroleum ether to give the desired to give the desired tritanol (1.50 g, 31%) colorless crystals, mp 
145°C (dec.). Rf 0.44 (toluene-EtOAc, 1:1). NMR (DMSO-^e): 7.07 (m, 8H, ArH); 6.83 (d, 4H, J= 
8.8 Hz, Ar^; 6.11 (s, IH, OH); 3.84 (s, 6H, CifeO); 3.72 (s, 6H, OCffa); 2.62 (m, 2H, ArCfli); 1.81 
(m, 2H, A1CR2CH2); 0.76 (s, 3H, CCH3). 
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3-{4-[Hydro:gr-bis(4-metiiox3vhenyl)methyI]phenyl}pro acid, iV-oxysalfosuccinimide 

ester. l-(2-{4-|Hydroxy-bis(4-me1hoxyphenyl)meth^^ 
5 [2.2.2]octane (2.38 g, 5.0 mmol) was dissolved in the THF-water mixture (9:1, lOniL), and 
trifluoroacetic acid (0.77 mL, 10 mol) was added After stirring for 10 min the mixture was 
evaporated and diluted with 10 % NaOH in ethanol-water (8:2, SOmL). The reaction mixture was 
refluxed for 30 min ^ cooled, and evaporated, the residue was diluted with water (50 mL), washed 
with Et20 (2x50 mL), jBltered, acidified with 5% oxalic acid, and extracted with ethyl acetate (3x50 

10 mL). The solution was dried with NaiSOA, evaporated, and the residue was dissolved in dry MeCN 
(30 mL). Triefhylamine (1.4 niL, 10 mmol) and JV,Ar-disuLfosuccinimidyl carbonate (1.28 g, 5.0 
mmol) were added and the mixture was stirred until the reaction is complete (monitoring by TLC in 
toluene-feAt-butanol, 9:1), then evaporated, dissolved in EtOAc (200 mL), washed with 5% NaHCOs 
(100 mL) and water (100 mL), dried with Na2S04, evaporated, and the residue was purified by 

15 column chromatography (10 to 40% EtOAc in toluene). Yield 2.05 g (86%), white amorphous solid. 
i?f 0.31 (toluene-EtOAc, 1:1). NMR (DMSO-dg): 7.20 (d, 2H, 8.3 Hz, ArJS); 7.12-7.05 (m, 6H, 
ArH); 6.83 (d, 4H, 9.0 Hz, Ar^; 6.15 (s, IH, OH)\ 3.73 (s, 6H, OC/^s); 3.02-2.90 (m, 4H, 
AxCH2CH2)\ 2.81 (s, 4H, COCHiCffzCO). 

Lm = -aS20S2'C(0)0-CH2C(Me)'(CHr-)2 



20 Kyample ^ 




Alternatively, the intermediate diolester could be isolated by chromatography as a colorless oil: 3-{4- 
[hydroxy-bis(4-mefhoxyphenyl)methyr|phenyl}propionic acid, 2-hydroxymethyl-2-methyl-3- 
hydroxypropyi ester. NMR (DMSO-^): 7.15-7.04 (m, 8H, AxH)\ 6.83 (m, 4H, Arfl); 6.13 (s, IH, 
25 CO/0; 4.44 (t, 2H, J= 5.4 Hz, CHaOiZ); 3.87 (s, 2H, CH^OCO); 3.72 (s, 6H, OCi^a); 3.24 (m, 4H, 
Ci/aOH); 2.83 (t, 2H, J= 7.6 Hz, ArCi^i); 2.61 (t, 2H, 7.6 Hz, COCi/2); 0.74 (s, 3H, CCfl^). 
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iftf = -OCH2CH2 CHj- 
Fyample 4 



Br 




4-(4-Bromophenoxy)butyromtrile. To a solution of 4-bromophenol (17.3 g, 0.10 mol) in dry 
5 acetone (300 mL) dry K2CO3 (70 g, 0.5 mol) and 4-bronaiobutyronitrile (16.3 g, 0.11 mol) were 
added, and the mixture was refluxed for approximately lOh, until starting 4-bromophenol consumes 
(monitoring by TLC in CHCI3). The mixture was cooled, filtered, and solid inorganic salts were 
washed with acetone. The combined filtrate was evaporated, and Ifae residue was dissolved in CHCI3 
(100 mL), filtered again, and evaporated. The residue was triturated in petroleimi ether, filtered, and 
^ 10 dried in vacuo to give desired aryl alkyl ether (22.3 g, 93%) as colorless crystals, mp 62^C, jRf 0.S7 
(toluene-EtOAc, 4:1). NMR (DMSO-d^): 7.45 (d, 2H, J - 9.0 Hz, Ar/Q; 6.92 (d, 2H, J = 9.0 Hz, 
ArH); 4.02 (t, 2H, J= 6.1 Hz, OCfli); 2.64 (t, 2H, J= 7.1 Hz, Ci/aCN); 2.01 (m, 2H, CHzC/feCHz); 
NMR (CDCI3): 7.37 (d, 2H, 8.9 Hz, AiH)\ 6.77 (d, 2H, 8.9 Hz, AriJ); 4.03 (t, 2H, 5.7 Hz, 
OC/fc); 2.57 (t, 2H, J= 7. 1 Hz, C/JiCN); 2.01 (m, 2H, CHiCffiCHz). 

15 l-[3-(4-Bromophenoxy)propyl]-4-inethyl-2,6,7-trioxabicyclo[2.2JS]octane. An ice cooled solution 
of 4-(4-bromophenoxy)butyromtrile (15.4 g, 64 mmol) in dry EtiO (50 mL) and dry MeOH (2.6 mL, 
64 mmol) was saturated with dry HCl within 3 h and then kept overnight at ambient temperature. The 
precipitate formed was filtered off, washed with Et20, and suspended in the mixture of EtiO (70 mL) 
and MeOH (20 mL), then refluxed for 48 h and cooled. The solid was filtered o£^ the filtcate was 

20 ev^orated, diluted with petroleum ether (100 mL) and filtered again. The filtrate was evaporated, 
dissolved in dry MeOH (30 mL), then l,l,l-tris(hydrohymefhyl)ethane (9.01 g, 75 mmol) and BF3 
etherate (0.15 mL, 1.1 mmol) were added. The mixture was stirred for 3 h, ev^orated, and the 
residue was chromatogr^hed on silica gel column in 0-<»^5% EtOAc in toluene containing 1% EtsN 
to yield the desired orthoester (6.13 g, 28%) as a colorless solid, mp 93''C, Rf 0.55 (toluene-EtOAc, 

25 4:1). NMR (DMSO-rfe): 7.41 (d, 2H, J= 8.9 Hz, ArH); 6.87 (d, 2H, j:= 8.9 Hz, AxH)i 3.94 (t, 2H, J 
= 6.3 Hz, ArOC/fe); 3.82 (s, 6H, OCH2); 1.80-1.67 (m, 4H, OCHiCHiCfli); 0.74 (s, 3H, CfTg). 
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l-(3-{4-[Hydroxy-bis(4-methoxyphenyI)methyI]phenoxy}propyI)-4-methyl-296,7- 

trioxabicycIo[2.2.2]octane. To a stirred and cooUed to -70°C mixture of THF (40 mL) and 0.9M 

30 BuLi in hexane (11.1 mL, 10 mmol) the solution of l-[3-(4-Bromophenoxy)propyl]-4-methyl-2,6,7- 
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trioxabicyclo[2.2.2]octaiie (1.716 g, 5,0 mmol) in THF (50 mL) was added dropwise within 30 min. 
The mixture was then heatet to -40**C and kept for Ih, cooled to -70**C and the solution of 4,4'- 
dimethoxybenzophenone (1.211 g, 5.0 mmol) in THF (50 mL) was added dropwise within 30 min. 
The mixture was allowed to warm to room temperature and stirred ovmiig^t at ambient temperature. 

5 The solution was evaporated to dryness, the residue was dissolved in EtOAc (200 mL), washed with 
5% NaHCOa (2x200 mL), water (2x200 mL), dried wilii Na2S04, and ev£5)orated. The residue was 
dissolved in toluene containing 1% EtsN (10 mL) and applied to a silicagql column. Hie column was 
eluted with stepwise gradient 5— ►10->15% EtOAc in toluene containing 1% EtsN. The desired 
product was triturated in petroleum ether filtered o& and dried in vacuo. Yield 720 mg (28%), 

10 colorless crystals, mp 132**C (dec). R( 0.40 (toluene-EtOAc, 1 : 1). 

Kyample ^ 



6 Ai _j 

Y ^ 1.CF3CO2H/THF/H2O KJj /-^ 

((^)-0 2.Na0H/Et0H/H20 - ^ ^ 



4a 

OMe 



HO- 

3. H* 

4. DSC / EtsN / solvent 5a 



p-N 
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4-{4-[Hydroxy-bis(4-methoxyphenyI)methyI]phenoxy}butanoic acid, iV-oxysuccinimide esten 1-^' 
(3-{4-Pydroxy-bis(4-methoxyphenyl)methyl]phenbxy}propyl)-4-me^^^ 

15 [2.2.2]octane (1.01 g, 2.0 mmol) was dissolved in Ihe THF-water mixture (4:1, 50 mL), and 
trifiuoroacetic acid (0.23 mL, 3 mmol) was added. After stirring for 1 h the mixture was half 
evaporated and diluted with EtOAc (200 mL), washed with water (100 mL), 5% NaHCOa (2x100 
mL), ev^orated. The resudue was dissolved in EtOH (100 mL), and NaOH (1.0 g, 25 mmol) was. 
added and dossolved in the mixture. The solution was stirred overnight at ambient temperature, 

20 filtered and evs^orated. The residue was dissolved in water (200 niL), washed with Et20 (2x100 
mL), acidified with solid citric add to pH 3.5, and extracted with EtOAc (3x100 mL). A combined 
organic lauer was dried over Na2S04 and evaporated to volume 20 mL. Triethylamine (0.7 mL, 5.0 
rmnol) and iNT^AT-disuccinimidyl carbonate (0.64 g, 2.5 mmol) were added and the mixture was stirred 
until the reaction is complete (monitoring by TLC in toluene-acetone, 2:1), then evaporated, 

25 dissolved in EtOAc (200 mL), washed witii 5% NaHCOs (100 mL) and water (100 mL), dried witii 
Na2S04, ev^orated, and the residue was purified by colunm chromatography (10 to 30% EtOAc in 
toluene). Yield 0.800 g (77%), white amorphous solid. i?f 0.30 (toluene-EtOAc, 1:1). 
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Lm — C^CCH2CH2dl2r 
Kyample 




o ' 



l^-Butyl 5-hexynoate. To a solution of 5-hexynoic acid (5.44 g, 48.5 mmol) in DCM (50 xnL) a 
5 solution of fer^-butyl trichloroacetiniidate (17.4 mL, 97 mmol) in petroleum ether (200 mL) and 
trifluoride diethyl etherate (300 pL, 2.4 mmol) were added in one portion. The mixture was stirred 
for 2h, filtered, half-evaporated, diluted with EtiO (150 mL), washed with 5% NaHC03 (3x100 mL), 
dried oyer sodium sulphate, and evaporated. The residue was chromatographed in petroleum ether — 
ethyl acetate (24:1). Yield 5.20 g (64%). NMR (DMSO-^/e): 2.77 (t, IH, 2.6 Hz, CJ^); 2.28 (t, 2H, 
10 7.5 Hz, COC/Zi); 2.17 (dt, 2H, Ji = 2.6 Hz, Ji = 7.1 Hz, sCCiZz); 1.65 (m, 2H, CH2Cff2CH2); 
# 1.40(s,9H,Cif3). 




6-{4-IHydroxy-bis(4-methoxyphenyI)methyl]phenyl}-5-hexynoic add, IM-butyl ester. To a 
15 solution of 4-iodophenyl-bis(4-methoxyphenyl)metiianol (1.785 g, 4.0 mmol), teTt-butyl 5-hexynoate 
(LOlO g, 6.0 mmol) and Irietfaylamine (1.67 naL, 12 mmol) in DMF (50 mL) under argon were 
successively added Pd(PPh3)4 (925 m& 0.8 mmol) and Cul (305 mg, 1.6 mmol), and the reaction 
mixture was stirred for 16 h at room t^perature. Ilien the mixture was diluted with DCM (300 noL), 
washed with 3% aqueous EDTA-(NH:4)2 (5x200 mL) and water (5x200 mL), dried, and evaporated 
20 to dryness. The residue was chromatographed on a silica gel column (4.5x15 cm) in a 0->6% 
gradient of EtOAc in toluene to give the desired conq)ound as a colorless oil (1.671 g, 86%). NMR 
(DMSO-rfe): 7.30 (d, 2H, J= 8.3 Hz, ArH); 7.15 (d, 2H, 8.3 Hz, Arfl); 7.06 (d, 4H, J= 8.8 Hz, 
ArH); 6.84 (d, 4H, 8.8 Hz, ArfQ; 6.27 (s, IH, OH)\ 3.73 (s, 6H, OCi?3); 2.43 (t, 2H, J== 7.1 Hz), 
2.34 (t, 2H, 7.4 Hz), (CH2Ca2CH2); 1.74 (m, 2H, CHiC/feCHi); 1.40(s, 9H, CCfTa). 
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6-{4-[Hydroxy-bis(4-mel]io^gqphenyQmefhyl]phenyl}-5^ acid, N-oxysaccinimide ester. 

To a stirred solution of terf-butyl 6-{4-[Tbiydroxy-bis(4-methoxyphenyl)metJiyl]^^ 
(1.46 g; 3.0 xnmol) in dry DCM (4 niL) trifluoroacetic acid (4 mL) was added in one portion and the 
mixture was stirred at ambient temperature for 3 h, then evaporated, and co-evaporated with DCM 
5 (4x50 mL). The crude acid was dissolved in DCM (50 mL), washed with water (10 mL), dried over 
Na2S04, and half-evaporated. Triethylamine (0.85 mL, 6.0 mmol) and JV,Ar-disuccinimidyl carbonate 
(0.77 g, 3.0 mmol) were added and the mixture was stirred until the reaction is complete (monitoring 
by TLC in toluene- EtOAc, 2:1), then evaporated, dissolved in EtOAc (200 mL), washed with 5% 
NaHCOa (100 mL) and water (100 mL), dried with Na2S04, evaporated, and the residue was purified 
10 by column chromatography (5 to 15% EtOAc in toluene). Yield 1.110 g (70%), white amorphous 
soUd. NMR (DMSO-t/e): 7.33 (d, 2H, J= 8.3 Hz, AiH); 7.16 (d, 2H, J= 8.3 Hz, AiH)\ 7.06 (d, 4H, J 
= 8.8 Hz, AtH); 6.84 (d, 4H, J= 8.8 Hz, ArH); 6.27 (s, IH, OH); 3.73 (s, 6H, OCH3); 2.82 (m, 6H), 
2.54 (t, 2H, 7.1 Hz), (CifeCHzCfli, COCH2CH2CO); 1.90 (m, 2H, CH2CH2CII2). 




6-{2-Methoxy-5-|hydroxy"bis(4-methoxypheny0niethyl]phenyl}-5-hexynoic acid, ^^-butyl 
ester. To a stirred solution 3-[5-(terr-butyloxycaibonyl)pent-l-ynyl]-4,4'-dimethoxy benzophenone 
(1.18 g; 2.88 mmol) in dry THF (20 mL) 0.9 M 4-methoxyphenyhnagnesium bromide (5.8 mL, 4.0 

20 mmol) was added in one portion imder argon, and the mixture was kept at ambient temperature 
overnight (monitoring by TLC in EtOAc-toluene 1:3). The reaction was diluted with water (50 mL) 
and 5% citric acid (15 mL), and extracted with EtOAc (100 mL). The organic phase was dried over 
Na2S04, evaporated, and chromatogr^hed on silica gel in 0->5% EtOAc in toluene with 1% of Et^N 
to give the desired conq)ound as a colourless oil. Yield 516 mg (35%). NMR (DMSO-^): 7.12 (d, 

25 IH, V= 2.1 Hz, AtH); 7.09-7.02 (m, 5H, ArH); 6.92 (d, IH, •/= 8.9 Hz, ArH); 6.84 (d, 4H, J= 8.9 
Hz, AxH); 6.16 (s, IH, OH); 3.78 (s, 3H), 3.73 (s, 6H) (OCfi^); 2.40 (t, 2H, 7.0 Hz, ^CCJ?2); 2.33 
(t, 2H, J= 7.5 Hz, COCH2); 1.70 (m, 2H, CH2GH2CH2); 1.39 (s, 9H, CCHs). 

6-{2-Methoxy-5-[hydroxy-bis(4-methoxyphenyl)methyl]phenyl}-5--hexynoic add, N- 

oxysulfosucdumnide ester, sodium salt. To a stirred solution of ^er^butyl ester of 6-{2'-methoxy-5- 
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|>ydroxy-bis(4-methoxyphenyl)methyl]phe^^ acid (516 mg; 1.0 mmol) in dry DCM 

(3,5 mL) trifluoroacetic acid (3.5 mL) was added in one portion and the mixture was stirred at 
ambient tenq>erature for 5 h, then evaporated, and co-evaporated with DOM (4x20 mL) to give free 
acid Product were dissolved in DCM (10 mL), and triefliylamine (0.42 mL, 3.0 mmol) and NJ^- 

5 disuMbsucdnimidyl carbonate (384 mg, 1 .5 mmol) were added and the mixture was stirred ovemigjit, 
tiien evaporated, dissolved in EtOAc (50 mL), washed with 5% NaHCOa (50 mL) and water (50 
mL), dried over Na2S04, evaporated, and the residue was purified by column chromatography 
(5->10% acetone in toluene). Yield 218 mg (39%), white amorphous solid. NMR (DMSO-de): 7.14 
(d, IH, V= 2.1 Hz, AtH); 1.09-1 m (m, 5H, AxH); 6.93 (d, IH, J = 8.8 Hz, AiII)\ 6.84 (d, 4H, 

10 8.7 Hz, Ar/0; 6.17 (s, IH, Ofi); 3.79 (s, 3H), 3.73 (s, 6H) (OCH^); 2.83 (m, 2H, C/fjCQ); 2.51 (t, 
2H, 7.0 Hz, sCCi?2); 1.86 (m, 2H, CHiC/^iCHi). 

Lm = -CH2CH2CH2CH2CH2- 
Examp le R 

COiMe COzMe ^ ^^^^ CO2H COCI 

I2/HNO3 ^A:^ 2LHCI fj' 






OMe OMe OM© OMe 



anisole, I2 
reflux 




15 

Methyl 3-iodo-4-methoxybenzoate. 

To a solution of methyl 4-methoxybenzoate (29.7 g, 0.18 mol) in CCI4 (110 mL) iodine (22.7 g, 0.89 
mol) was added and the mixture was stirred for 10 min. Nitric acid (58%, 50 mL) was added 
dropwise wiwhin 30 min and the mixture was refluxed for 3 h. The mixture was cooled to room 
20 temperature and precipitate formed was filtered off. The organic layer was separated, washed with 
5% NaaSOa (100 mL), dried over CaCfe and evaporated. The residue was combined with the 
precipitate and recrystallized twice firom EtOH. Yield 30.4 g (58%). 

3-Iodo-4-methoxybenzoyl chloride. 

Methyl 3-iodo-4-methoxybenzoate (29.2 g, 0.1 mol) was suspended in EtOH (150 mL), the solution 
25 of NaOH (4.4 g, 0.11 mol) was added in one portion. Ibe mixture was stirred and heated at 40°C 
overnight, then cooled, diluted with water (400 mL). 3-Iodo-4-methoxybenzoic acid was precipitated 
with cone. HCl, filtered ofi^ washed with cold water, and dried over P4O10- The add was suspended 
in CHCI3 (150 mL), and SOQi (9.5 mL, 0.13 mmol) was added. Hie mixture was stirred overnight. 
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then evs^orated and the residue was distilled under reduced pressure to give ffae desired acid chloride 
as a soM (mp ca. 50°C, bp 145-150°C/1 Torr). Yield 18.2 g (61%). 

3-Iodo-4,4*-dimeflioxybenzophenone. 

A, The mixture of 3-iodo-4-methLOxybenzoyl chloride (14.8 g, 0.05 mol), anisole (11.0 inL, 0.1 mol) 
5 and iodine (0.5 g) was refluxed for 10 h, then cooled to 60*^0, diluted with iPrOH (200 mL), refluxed 
for 30 min, cooled and kept in freezer overnight. The precipitate was filtered off, washed with cold 
iPrOH (10 mL), dried, and recrystallized from EtOH. Yield 10.4 (56.5%), off-white solid. NMR 
(DMSO-Je): 8.09 (d, IH, V= 2.1 Hz, Ar^O; 7.75-7.68 (m, 3H, ArH); 7.14 (d, IH, J= 8.7 Hz, ArH); 
7.09 (d, 2H, J= 8.7 Hz, AiH); 3.93 (s, 3H), 3.86 (s, 3H) (OCHs). 

10 B. 4,4' -Dimetihioxybenzophenone (18.1 g, 75 mmol) was dissolved in dioxane (70 mL) at 60**C, 
iodine (9.9 g, 39 mmol) was added and the mixture was stirred for 15 min. Water (20 mL) was 
added, and 58% HNO3 (41 mL) was added dropwise within 2 h. The mixture was stirred at 60'*C 
tmtil iodine colouring disappears (ca. 6-7 h). The flask was evacuated to remove nitrogen oxides, the 
mixture was diluted with water (100 mL), cooled, and the precipitate was filtered off, washed with 

15 5% NaHCOa and water. The solid was suspended in EtOH (200 mL), refluxed for 15 min, filtered 
hot, and cooled in freezer to 4*^0. The solid (16 g) was filtered off and dried It contains (GLC) 75% 
of desired 3-iodo-4,4 -dimethoxybenzophenone, 24% of starting 4,4'-dimethoxyhenzophenone and 
0.7% of 3,3'-diiodo-4,4'-dimethoxybenzophenone. This was purified by column chromatography in 
toluene. Yield 1 1 .2 g (40%). 




3-[5-(^ert-Butyloxycarbonyl)pent-l-ynyll-4,4*-dimethoxybenzophenone. 

To a solution of 3-iodo-4,4'-<limethoxybenzophenone (4.50 g, 12.2 mmol) and ter^-butyl 5-hexynoate 
(2.10 g, 12.5 mmol) m DMF (50 mL) Pd(PPh3)4 (L40 g, 1.22 mmol), Cul (465 mg, 2.44 mmol), 
EtaN (2.55 mL, 18.3 mmol) were subsequently added. The mixture was stirred overnight under 

25 argon, then diluted witih water (200 mL) and extracted with EtOAc (200 mL). The organic layer was 
washed with water (4x200 mL), 0.1 M solution (NH4)2EDTA (4x200 mL) and dried over Na2S04. 
The residue was chromatogr^hed column in gradient of EtOAc in toluene (0 to 5%). Yield 3.43 g, 
viscous yeUowish oil (69%). NMRCDMSO-^fe): 7.72-7.67 (m, 3H, ArH); 7.64 (d, IH, V= 2.3 Hz, 
ArH); 7.17 (d, IH, J= 8.7 Hz, ArH); 7.08 (d, 2H, J= 9.0 Hz, ArH); 3.91 (s, 3H, OCH3); 3.86 (s, 3H, 

30 OCH3); 2.47 (t, 2H, J = 7.0 Hz, ^CCH2)\ 238 (t, 2H, J = 7.4 Hz, COCH2); 1.75 (m, 2H, 
CH2CH2CH2); 1.39 (s, 9H, CCH3). 

3-[5-<^-Bu^loxycarbony0pentyI]"4,4'-diniethoxyben2ophenone. 3-[5-(terf- 
Butyloxycarbonyl)pent-l-ynyl]-4,4'-dimethoxybenzophenone (2.027 g, 4.96 mmol) was dissolved in 
EOAc (40 mL), and 10% Pd/C (100 mg) was added Hydrogen gas was bubbled through the mixture 
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with stirring. PdCla (SO mg portions) were added after 2 and 4 h. The mixture was hydrog^iated for 
additional 4 h, filtered, diluted with EtOAc (150 mL), washed with washed with 5% NaHC03 (100 
mL) and 0.1 M (NH4)2EDTA (100 mL), dried over Na2S04, evaporated, and the residue was purified 
by column chromatography (0->10% EtOAc in toluene). Yield 1.493 g (73%), colourless oil. NMR 
5 (DMSO-rffi): 7.69 (d, 2H, J= 8.7 Hz, Ar^; 7.57 (m, IH, ArH); 7.53 (m, IH, ArH); 7.06 (m, 3H, 
ArH); 3.87 (s, 3H, OCH3); 3.85 (s, 3H, OCH3); 2.58 (t, 2H, J= 7.4 Hz, ArC/fj); 2.15 (t, ZH, J= 7.3 
Hz, COCfli); 1.50 (m, 4H, COCHjCfliCHiCHi); 1-35 (s, 9H, CCH3); 1.28 (m, 2H, 
C0CH2CH2Cff2). 




10 



6-{2-Methoxy-5-[hydroxy-bis(4-methoxyphenyl)methyl]phenyl}hexanoic acid, ieit-hutyl ester. 
To a stirred solution 3-[5-(ter^butyloxycarbonyl)pentyl]-4,4'-dimetho3iybenzophenone (412 mg; 1.0 : 
mmol) in dcy THF (10 mL) 1 M 4-methoxyphenyhnagnesium bromide (1.2 niL, 1.2 mmol) was. 
added in one portion under argon, and ffae mixture was kept at ambient tenq)erati]ie overnight 
15 (monitoring by TLC in EtOAc-^luene 1:3). The reaction was diluted with water (50 mL) and 
saturated aq. NEI4CI (20 mL), and extracted with EtOAc (2x100 mL). The organic phase was dried 
over Na2S04, evaporated, and chromatographed on silica gel in 0--^7% EtOAc in toluene with 0.5% 
of EtaN to give the desired conqpound as a colourless oil. Yield 274 mg (53%). NMR (DMSOde): 
9 7.06 (m, 4H, ArH); 6.97 (d, IH, V= 1.9 Hz, AxH); 6.88-6.79 (m, 6H, Arfl); 6.02 (s, IH, OH); 3.74 
20 (s, 3H, OCH3); 3.72 (s, 6H, OCH3); 2.45 (t, 2H, / = 7.5 Hz, ArCife); 2.12 (t, 2H, / = 7.3 Hz, 
COCif2); 1.44 (m, 4H, COCH2Cff2CH2Cff2); 1.37 (s, 9H, CCft); 1.20 (m, 2H, COCH2CH2Ciy2). 

6-{2-Meaioxy-5-[hydroxy-bis(4-me11ioxypheny0met]iyI]phenyl}^^ acid, N- 

oxysucdnimide ester. 

To a stirred solution of tert-bntyh ester of 6-{2-methoxy-5-[hydroxy-bis(4- 
25 methoxyphenyl)methyl]phenyl}hexanoic acid (274 mg; 0.53 mmol) in dry DCM (2 mL) 
trifluoroacetic acid (2 mL) was added in one portion and tiie mixture was stirred at ambient 
temperature for 3 h, then evaporated, and co-ev^rated with DCM (4x50 mL) to give firee acid 
Product were dissolved in DCM (15 mL), and triethylamine (0.60 naL, 4.3 ximiol) and NJf- 
disuccinimidyl carbonate (556 mg, 2.17 mmol) were added and the mixture was stirred overnight, 
30 then evaporated, dissolved in EtOAc (50 mL), washed with 5% NaHCOa (50 mL) and wat^ (50 
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mL), dried over Na2S04, evaporated, and Ihe residue was purified by column chromatogr^hy 
(15->30% EtOAc in toluene). Yield 277 mg (93%), pink amorphous solid. NMR (DMSO-<^): 7.71 
(d, IH, /= 8.9 Hz. Arfl); 7.07 (d. 4H, J= 8.9 Hz, ArH); 6.99 (d, IH. V= 2.1 Hz, Ari3); 6.89-6.78 
(m, 5H, ArH); 6.02 (s, IH, OJ3); 3.89 (s, 3H). 3.86 (s, 6H) (OCffj); 2.80 (s, 4H, QQ^CH^CH^QCi)^ 
5 2.61 (t, 2H, J= 7.3 Hz), 2.46 (t, 2H, 7= 7.6 Hz) (ArCffzCHzGHzCHaCfl-a); 1.54 (m, 2H), 1.44 (m. 
2H), 1.32 (m, 2H) (ArCffzCffaCffz). 

= -CD2CD2CH2CH2CH2- 

Same as for Lm= -CH2CH2CH2CH2CH2- (exanq>le 8), but D2 gas (Aldrich) was used to reduce the 
10 triple bond of 3-[5<terr-Bulyloxycarbonyl)pent-l-ynyl]-4,4'-dimethoxybeiizophenone instead of 
hydros All other synthetic procedures were identical. MS (MALDI-TOF) of equimolar mixture of 
*U^t' ('H) and 'heavy' (='H)NHS esters: 543.94 (95); 547.98 (93). 

Lm = -OCH2CH2CH2CH2CH2- 

P;yatn ple 10 

O 



6 



1. H2P2/H2SO4 

2. HBr ^ BxjkM I DIEA / EtzO 



^ 

K2CO3 / acetone 
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6-Bromohexanoic add was prepared from cyclohexanone as described in die literature (Krayevsky 
et al. ZIl Obshch. Khim., 1964, 1180-1183). 

6-Bromohexanoyl chloride. 6-Bromohexanoic acid was treated with 2 mol SOCI2 overnight, the 
excess of SOCI2 was evaporated, and the residue was distilled under reduced pressure, bp 85-90/1 
20 mm Hg. Yield 90-95%. 

^-Butyl 6-bromohexanoate. 6-Bromohexanoyl chloride (21.4 g, 0.10 mol) was added dropwise to 
a solution of fe/t-butanol (7.4 g, 0.1 mol) and diisopropylethylamine (13 g, 0.1 mol) in diethyl ether 
(200 mL) within 1 h and the mixture was stirred overnight The precipitate formed was filtered off, 
washed with ether (100 mL), the combined ether solution was washed with 5% NaHCOa (2x50 mL), 
25 5% citric acid (50 mL) and water (50 mL), dried over CaCk, and passed througjh silica gel layer (5 
cm) to give the desired ester as an oil (26.5 g, 72%). 

4-[5-<^^-Butyloxycarbonyl)pentyloxy]benzophenone. To a solution of 4-hydroxybenzophenone 
(1.98 g, 10.0 mmol) in in dry acetone (80 mL) dryKiCOa (14 g, 0.1 mol) and tert-hutyl 6- 
bromohexanoate (3.76 g, 15 mmol) were added, and the mixture was stirred for 48 h at ambient 
30 tenq)erature, then filtered, and the solid was washed with acetone. The combined filtrate was 
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evaporated, and tiie residue was dissolved in CHCI3 (100 mL), filtered, and evaporated. The residue 
was chromatographed on silica gel in 0->6% EtOAc in toluene to give desired product (3.10 g, 
84%), NMR (pMSO-de): 7.73 (d, 2H, J= 8.7 Hz, AtH); 7.70-7.62 (m, 3H, ArS); 7.54 (t, 2H, 7.6 
Hz, AtH); 7.06 (d, 2H, J= 8.7 Hz, ArH); 4.07 (t, 2H, J= 6.4 Hz, OCH2); 2.21 (t, 2H, 7.4 Hz, 
5 COCH2); 1-74 (m, 2H), 1.56 (m, 2H), 1.42 (m, 2H) (OCHjCffeCfliCffe); 1.39 (s, 9H, CH3). 




6-{4-[Hydrosy-(4-methoxyphenyl)--phenyl-met]iyI]phenoxy}hexanoic acid, l^erT-butyl ester. To a 
stirred solution of 4-[5-(tert-butyloxycarbonyl)pentyloxy]benzophenone (1.84 g; 5.0 imnol) in dry 

10 TEJF (30 mL) 1 M 4-methoxyplienylinagnesium bromide (7.0 mL, 7.0 mmol) was added in one. 
portion imder Ar, and the mixture was kept at ambient temperature overnight (monitoring by TLC in 
EtOAo-4oluene 1:4). The reaction was diluted with water (300 mL) and 5% citric acid (20 mL), and . 
extracted witihi EtOAc (2x100 mL). The organic phase was dried over N2feS04, evs^orated, and 
chromatographed on silica gel in 0^5% EtOAc in toluene with 0.5% of EtaN to give the desired . 

15 compound as a colourless oil. Yield 1.597 g (67%). NMR (DMSO-ife): 7.26 (m, 2H, AiH); 7.20 (m, 
3H, ArH); 7.07 (m, 4H, AtH); 6.83 (m, 4H, AtH); 6.17 (s, IH, OH); 3.92 (t, 2H, J- 6.4 Hz, OCH2); 
3.73 (s, 3H, OCm); 2.20 (t, 2H, / = 7.3 Hz, COC/fe); 1.70 (m, 2H, OCHjCfli). 1.54 (m, 2H, 
COCH2CH2), 1.39 (m, 2H, OCHiCHzCffz); 1-38 (s, 9H, CH3). 

6-{4-[Hydro]Qr-(4-me0ioxyphenyQ»phenyl-metfayqphenoxy}hexanoic add, iV-oxysuccinimide 
20 ester. To a stirred solution of tert-hatyl 6-{4-[hydroxy-(4-methoxyphenyl)-phenyl- 
methyl]pheno7iy}hexanoate (953 mg; 2.0 mmol) in dry DCM (3 mL) trifluoroacetic acid (3 mL) was 
added in one portion and the mixture was stirred at ambient ten^erature for 3 h, then evq)orated, and 
co-evaporated with DCM (4x50 mL) to give the desired acid. This was dissolved in EtOAc (40 mL), 
washed with water (10 mL), dried over Na2S04, and evaporated to volume 15 mL. Triethylamine 
25 (0.7 mL, 5.0 mmol) and JV,iV*-disucciniinidyl carbonate (0.64 g, 2.5 mmol) were added and the 
mixture was stirred until the reaction is complete (monitoring by TLC in toluene-EtOAc, 2:1), then 
evaporated, dissolved in EtOAc (200 mL), washed with 5% NaHCOs (100 mL) and water (100 mL), 
dried with Na2S04, evaporated, and the residue was purified by colunm chromatogr^hy (5->15% 
EtOAc in toluene). Yield 743 mg (72%), white amorphous solid NMR (DMSO-de): 7.26 (m, 2H, 
30 AtH); 7.20 (m, 3H, AtH); 7.07 (m, 4H, AtH); 6.83 (m, 4H, AtH); 6.17 (s, IH, OH); 3.93 (t, 2H, J= 
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6.2 Hz, OC/&); 3.73 (s, 3H, OCHz); 2.81 (s, 4H, COCJSiCflkCO); 2.69 (t, 2H, 7.2 Hz, COCiai); 
1.78-1.64 (m, 4H, OCHzCiyaCJIsCffi), 1-51 (m, 2H, OGHjCHaC/fe). 

Example 11 




5 4-[5-(^e?t-ButyloxycarbonyQpentyloxy]--4'-metho}qrbeii^ To a solution of 4-hydroxy-4'- 

methoxybenzophenone (5.84 g, 25.6 mmol) in in dry acetone (250 mL) dry K2CO3 (17.7 g, 0.128 
mol) and ferr-butyl 6-bromohexanoate (7.05 g, 28.1 mmol) were added, and the mixture was stirred 
for 96 h at ambient temperature, then filtered, and the solid was washed with acetone. The combined 
filtrate was evaporated, and the residue was dissolved in CHCI3 (150 mL), filtered, and evaporated. 

10 The residue was chromatographed on silica gel in 0— >20% EtOAc in toluene to give the desired 
product (1.99 g, 19.5%). NMR (DMSO-^/e): 7.70 (m, 4H, ArH); 7.06 (m, 4H, AxH); 4.06 (t, 2H, J^, 
6.4 Hz, OCH2); 3.86 (s, 3H, OCH3); 2.21 (t, 2H, J= 7.3 Hz, COCH2); 1.75 (m, 2H), 1.56 (m, 2H), 
1.42 (m, 2H) (OCH2CH2CH2CH2); 1.39 (s, 9H, CC/Z3). 4-Methoxy-4'-[5-(4- 
methoxybenzoyIphenoxycarbonyl)pentyloxylbenzophenone was isolated as a side product. NMR' 

15 (DMSO-de): 7.78 (m, 8H, ArH); 7.19 (d, 2H, J= 8.2 Hz, ArH); 6.95 (m, 6H, ArH); 4.07 (t, 2H, 
6.1 Hz, OCH2); 3.88; 3.87 (2s, 6H, OCHz); 2.64 (t, 2H, J = 7.3 Hz, COCifz); 1-88 (m, 4H, 
OCH2CHiCH2CH2); 1.64 (m, 2H, OCH2CH2C/f2). 




20 6-{4-[Hydroxy-bis(4-methoxyphenyl)methyllphenoxy}hexanoic add, teri-hntyl ester. To a 
stirred solution of 4-[5-(iBft-butyloxycarbonyl)pentyloxy]-4'-methoxybenzophenone (400 mg; 1.0 
mmol) in dry THF (10 mL) 1 M 4-metJioxyphenylmagnesium bromide (1.2 mL, 1.2 mmol) was 
added in one portion under Ar, and the mixture was kept at ambient temperature overnight 
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(monitoring by TLC in EtOAo-toluene 1:4). The reaction was diluted with water (100 mL) and 5% 
citric acid (5 mL), and extracted with EtOAc (2x500 niL). The organic phase was dried over Na2S04, 
evaporated, and chromatographed on silica gel in 0— >15% EtOAc in toluene with 0.5% of EtaN to 
give the desired compound as a colourless oil. Yield 334 mg (66%). NMR (DMSO-rfe): 7.06 (m, 6H, 
5 ArH); 6.82 (m, 6H, AxH); 6.07 (s, IH, OH); 3.92 (t, 2H, J= 6.2 Hz, OC/fe); 3.72 (s, 6H, OCH3); 2.20 
(t, 2H, 7.3 Hz, COCH2); 1.69 (m, 2H), 1.54 (m, 2H), 1.39 (m, 2H), (OCMzCHiCffeCHi); 137 (s, 
9H,CC/Z3). 

6-{4-[Hydroxy-bis(4-me1]ioxyphenyI)metfayl]phenoxy}hexano acid, iV-oxysaccininiide ester. 
To a stirred solution of teff-hutyl 6-{4-|>ydroxy4)is(4-me1hoxyphenyl)methyl]phenoxy}hexanoate 

10 (253 mg; 0.5 mmol) in dry DCM (1.5 mL) tiifluoroacetic acid (1.5 mL) was added in one portion and 
the mixture was stirred at ambient temperature for 4 h, then evaporated, and co-evaporated with 
DCM (4x20 mL) to give the corresponding acid. The latter was dissolved in EtOAc (30 mL), washed 
with water (10 mL), dried over Na2S04, and evaporated. The residue was dissolved in DCM (15 
mL), and triethylamine (0.30 mL, 2.2 nmiol) andiV,ArHiisucciniinidyl carbonate (256 mg, 1.0 mmol) 

15 were added and the mixture was stirred overnight, then evaporated, dissolved in EtOAc (50 mL), 
washed witti 5% NaHCOa (50 mL) and water (50 mL), dried over Na2S04, evaporated, and the 
residue was purified by column chromatography (10-^25% EtOAc in toluene). Yield 240 mg (88%), 
white amorphous soUd. NMR (DMSO-de): 7.06 (m, 6H, AxH); 6.83 (m, 6H, ArH); 6.07 (s, lH„Oi?); 
3.93 (t, 2H, J= 6.2 Hz, OCH2); 3.72 (s, 3H, OCffa); 2.80 (s, 4H, COC^iCHaCO); 2.69 (t, 2H, 7.3 

20 Hz, C/TzCCb); 1.70 (m, 4H, OCII2CH2CH2CH2); 1.50 (m, 2H, OCHiCHjOya). 

Lm ~ -C=CCH2- 



Example 12 




25 3-Iodo-4-mefhoxyphenyl-bis(4-methoxyphenyl)methanoL 

To a solution of 3-iodo-4,4'-dimethoxybenzophenone (1.00 g, 2.72 mmol) in THF (20 mL) 0.86 M 
solution of 4-methoxyphenyhnagnesium bromide in THF (6.2 noL, 5.44 mmol) was added in one 
portion. The mixture was kept at ambient ten:q)erature overnight, then diluted with saturated NaHCOa 
solution (200 mL) and extracted with EtOAc (200 mL). The organic layer was washed with water 
30 (3x200 mL) and dried over Na2S04. Hie residue was chromatographed on silica gel in gradirat of 
EtOAc in toluene (0 to 5%) with addition of 1% of EtsN. Yield 1.00 g (77%), viscous yellowish oil. 
NMR (DMSO-d^): 7.64 (d, IH, V= 2.1 Hz, AiH); 7.07 (d, 4H, J= 8.7 Hz, ArfO; 7.04 (d, IH, J= 8.7 
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Hz, V= 2.1 Hz, ArH); 6.90 (d, IH, 8.7 Hz, Arfl); 6.85 (d, 4H, J= 8.7 Hz, ArH); 6.24 (s, IH, 
Ofl); 3.80 (s, 3H), 3.73 (s, 6H) (OCffa). 

iV-(terr-Butyloxycarbonyl)-3-{2-methoxy-5-[hyd^ 
propynylamine. 

5 To a solution of 3-iodo-4-methoxyphenyl-bis(4-methoxyphenyl)me1hanol (0.92 g, 1.93 mmol) and 
i\r-Boc-propargylamine (0.60 g, 3.86 mmol) in DMF (20 mL) Pd(PPli3)4 (223 mg, 0.193 mmol), Cul 
(74 mg, 0.386 mmol), EtsN (404 [JL, 2.90 mmol) were subsequently added. The mixture was stirred 
overnight under argon, then diluted with water (100 mL) and extracted with EtOAc (150 mL). The 
organic layer was washed with 0.1 M solution (NH4)2EDTA (4x100 mL), water (4x100 mL), and 
10 dried over Na2S04. The residue was chromatographed on silica gel in gradient of EtOAc in toluene 
(0 to 30%) with addition of 1% of Et3N. Yield 820 mg, viscous yellow oil (84%). NMR (DMSO-Je): 
7.25 (m, IH, Ar/0; 7.19-7.09 (m, 2H, Arif, N/^); 7.07 (d, 4H, 8.8 Hz, P^H)\ 6.95 (d, IH, J= 8.8 
Hz, Ar/0; 6.84 (d, 4H, J= 8.8 Hz, Ar^; 3.93 (m, 2H, ^Ci/z); 3.78 (s, 3H), 3.73 (s, 6H) (OCf^s); 
1.37(s,9H,CCiy3). 

1 5 3-{2-Metho3qr-5- [hydroxy-bis(4-methoxypheny0methyl]phenyl-2-propynylanune. 

To a solution of iNr-(/e?t-butyloxycarbonyl)-3-{2-methoxy-5-[hydroxy-bis(4- 
methoxyphenyl)methyl]phenyl-2-propynylamine (800 mg, 1.59 mmol) in DCM (5 mL) CF3CO2H (5 
mL) was added. After completing of the deblocking (TLC control) the reaction mixture was . 
evaporated in vacuo, dissolved in EtOAc (100 mL), washed with saturated aq. NaHCOs (3x100 mL), ^ 
20 water (100 niL), and dried over Na2S04. The residue was chromatographed on silica gel in gradient ; 
(0 to 20%) of methanol in toluene containing 1% EtsN. Yield 385 mg, yellow foam (60%). 

Lm — '•CH.2CH2CH.2r 



Example 13 




25 3-[3-<l'err-BatyIoxycarbonylainino)propyn-l-yl]-4,4'Hlm 

To a solution of 3-iodo-4,4'-dimetJioxybenzophenone (2.50 g, 6.79 mmol) and JNT-Boc- 
propargylamine (1.26 g, 8.15 mmol) in DMF (100 mL) Pd(PPh3)4 (785 mg, 0.68 mmol), Cul (258 
mg, 1.35 mmol), EtsN (1.5 mL, 10.7 mmol) were subsequenfly added. The mixture was stirred 
overnight under argon, llien diluted with water (200 mL) and extracted with EtOAc (200 mL). Hie 
30 organic layer was washed with 0.1 M solution (NH4)2EDTA (3x150 mL), water (3x150 mL), and 
dried over Na2S04. Tlie residue was chromatogr^hed on silica gel in gradient of EtOAc in toluene 
(0 to 20%). Yield 1.83 g (68%), viscous yellowish oil. NMR (DMSO-dg): 7.72 (dd, IH, 8.8 Hz, 
V= 2.1 Hz, Arfl); 7.70 (d, 2H, J- 8.8 Hz, ArJJ); 7.65 (d, IH, V= 2.1 Hz, Ar/Q; 732 (hr.s, IH, 
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NH); 7.20 (d, IH, J = 8.8 Hz, Arfl); 7.08 (d, 2H, J= 8.8 Hz, ArH); 4.00 (in, 2H, C/SjN); 3.91 (s, 
3H), 3.86 (s, 3H) (OCffs); 1.39 (s, 9H, GCiJs). 

3-[3</^-Butyloxycarbonylamino)propyl]-4,4'-dm To a solution of 3-[3- 

(terf-butyloxycarbonylamino)propyn-l-yl]-^^ (1.78 g, 4.5 mmol) in 

5 EtOAc (100 mL) 10%Pd/C (500 mg) was added and the mixture was hydrogenated for 24 h at 
ambient pressure. The mixture was filtered, ev^orated aad the residue was chromatogiaphed on 
silica gel (0 to 20% gradient of EtOAc in toluene) to give Hie desired compound as a viscous 
colourless oil (980 mg, 55%). NMR (DMSO-^fc): 7.70 (d, 2H, 8.8 Hz, ArH); 7.59 (m, 2H, ArH); 
7.06 (m, 3H, ArH); 6.80 (br.s, IH, NH); 3.87 (s, 3H), 3.85 (s, 3H) (OCH3); 2.94 (m, 2H, CiyaNH); 
10 2.60 (t, 2H, J= 7.6 Hz, ArCHi); 1.66 (m, 2H, ArCHsGHz); 1.36 (s, 9H, CCH3). 




3-[3-(IM-Batyloxycarbonylamino)propyl]-4-methoxyphenyl-bis(4-meiho^^ 

To a solution of 3-[3-(^erf-butyloxycarbonylamino)propyl]-4,4 -dimethoxybenzophenone (940 mg, 
15 2.35 mmol) in THF (20 mL) 0.86 M solution of 4-methoxyphenylmagnesium bromide in THF (8.20 
mL, 7.05 mmol) was added in one portion. The mixture was kept at ambient temperature overnight; 
tiien diluted with saturated NaHCOa solution (200 mL) and extracted with EtOAc (200 mL). The 
organic layer was washed with water (3x200 mL) and dried over N%S04. The residue was: 
chromatographed on silica gel in gradient of EtOAc in toluene (0 to 20%) with addition of 1% of 
20 EtaN. Yield 625 mg (52%), yellowish foam. 

3-(3-Animopropyn-l-yI)-4-methoxyphenyl-bis(4-methoxyphenyl)methanol. 

To a stirred solution of 3-[3-(rer^-bu1yloxycaibonylaniino)propyl]-4-methoxyphenyl-bis(4~ 
methoxyphenyl)methanol (610 mg; 1.20 mmol) in dry DC!M (5 mL) trifluoroacetic acid (5 mL) was 
added in one portion and the mixture was stirred at ambient temperature for 5 h, then eve5>orated, and 
25 co-evaporated with DCM (4x20 WiLyto give 415-mg-(85%) of desired amine as an orange solid. 
NMR (DMSO-de): 7.08 (m, 6H, ArH); 6.94 Q^J^, ArH); 6.85 (d, 4H, J= 9.0 Hz, ArH); 6.18 (s, 
IH, OH); 3.78 (s, 3H), 3.73 (s, 6H) (OCH^); 3.46 (s, 2H, C/feN); 1.86 (br. s, 2H, NH2). 
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l.(3.{4.[Etboxy-bis(4-methoxyphenyl>methyI]phenyI}propionyl)-4-hy To a 

5 stirred solution of i\^-oxysuccimmide ester 3-{4-[efhoxy-bis(4- . 

methoxyphenyl)methyl]phenyl}propiomc acid (820 mg; 1.59 mmol) in dry DCM (50 mL) 4- 
hydioxypiperidine (322 mg, 3.18 nunol) was added and Ihe mixture was stirred at ambient . 
tenq>eratiire 12 h (monitored by TLC in methanol-CHCla 1:19). The reaction was diluted with CHCI3 : 
(100 mL), resulting solution was washed with water (2x100 mL) and dried over Na2S04, ev^Kxrated, 

10 and chromatogrq)hed on silica gel in CHCI3 with 2% MeOH and 1% EtaN to give the desired 
compound as a colorless oil. Yield 410 mg (51%). NMR (DMSO-de): 7.23 (m, 6H, ArH); 7.16 (d, 
2H, J= 8.2 Hz, ArH); 6.87 (d, 4H, J= 8.7 Hz, Ar/Q; 4.68 (d, IH, J= 3.9 Hz, O^; 3.88 (m, IH, H- 
2a (piperidine)); 3.73 (s, 6H, OCHii\ 3.68-3.56 (m, 2H, H-4, H-6a (piperidine)); 3.05 (m, IH, H-6b 
(piperidine)); 3.02-2.92 (m, 3H, H-2b (piperidine), CHsC^a); 2.76 (m, 2H), 2.57 (m, 2H) 

15 (CfliCfiTiCO); 1.63 (m, 2H), 1.21 (m, 2H) (H-3, H-5 (piperidine)); 1.15 (t, 3H, J- 6.8 Hz, CthCS^. 

1^3-{4.|Ethoxy-bis(4-methoxyphenyO-metfayl]phenyl}propionyl)-4<d^ 

Qranethoxyphosphmoxy)piperidme. To a stirred solution of iV-(3-{4-[ethoxy-bis(4- 
methoxyphenyl)-methyl]phenyl}propionyl)-4-hydroxypiperidine (400 mg, 0.794 mmol) in dry 
acetonitrile (25 mL) diisopropylammonium . tetrazolide (204 mg, 1.19 mmol) and 

20 bis(diisopiopylaimno)-2-cyanetfaoxyphosphine (281 mg, 1.19 mmol) were subsequently added under 
argon. The mixture was stirred at ambimt temperature overnight (monitoring by TLC in EtsN-CHCls 
1:9). After completion of the reaction die mixture was ev^orated to dryness, dissolved in 
etiiylacetate (ioo mL), washed with water (100 mL), 5% NaHCOa (100 mL), and water (100 mL). 
Hie resulting solution was dried over NazSOA, evaporated and chromatographed on silica gel in 

25 CHCI3 with 1% of EtaN to give the desired compound as a viscous colorless oil. Yield 290 mg 
(51%). 3^PNMR(MeCN-rf3): 147.1452, 147.1085. 
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Lm = -O-CH2OS2CH2'' (two LM-containingAr^ groups) 




4,4'-BisI3-(/eit-butyIoxycarboiiyI)propoxylbeiizopheiioiie. Sodium (1.15 g, 50 nunol) was 
5 dissolved in MeOH and the resulting solution of MeONa was added to a solution of 4,4'- 
dihydroxybmzophenone (4.24 g, 20 mmol) in methanol (50 mL). The mixture was ev^orated to 
dryness, the residue was dissolved in HMPA (30 mL) and fert-butyl 4-chlorobutyrate (8.04 g, 45 
mmol) was added in one portion. The mixture was heated at 100**C for 5 h, then cooled, diluted with ■ 
water (300 mL) and extracted with EtOAc (2x200 mL). The combined organic layers were washed 
10 witii water (5x100 mL), dried over Na2S04, and evaporated. Ibe residue was chromatographed on ; 
silica gel in 2-^5% EtOAc in toluene to give the desired compound as v/bite crystalline solid, mp 
92^. Yield 5.49 g (55%). NMR (DMSO-de): 7.69 (d, 4H, J= 8.8 Hz, Arfl); 7.05 (d, 2H, J= 8.8 Hz, 
ArH); 4.08 (t, 4H, 6.4 Hz, OC^a); 2.38 (1; 4H, 7.3 Hz, COCH2); 1.97 (m, 4H, CHzCiJzCHi); 
1.41 (s, 18H, cm). 

15 4-Metho3qr-4%4"-bis[3'<to:r-butyloxycarbonyI)propoxyl^^ To a stirred solution 

of 4,4'-bis[3-(/eit-butylocarbonyl)propoxy]benzophenone (2.49 g; 5.0 mmol) in dry (freshly distilled 
over sodium benzophenone ketyl) THF (30 mL) 1 M 4-me1hoxyphenyhnagnesiimi bromide (7.0 mL, 
7.0 mmol) was added in one portion under Ar, and the mixture was kept at ambient temperature until 
completion of the reaction (TLC in EtOAc-toluene 1:4). The reaction was diluted witihi water (300 

20 mL) and 5% citric acid (20 mL), and extracted with EtOAc (2x100 mL). The organic phase was dried 
over Na2S04, evaporated, and chromatogr^hed on silica gel in 3-^7% EtOAc in toluene to give the 
desired compoimd as a colorless oil. Yield 1.88 g (62%). 

4-Metho3^-4%4''-bis(3-carboxypropoxy)triphenyImeaianol. To a stirred solution of 4,4'-bis[3- 
(^ert-butyloxycaibonyl)propoxy]-4"-(4-methoxybenzoyl)tritanol (1.21 g; 2.0 mmol) in dry DCM (5 
25 mL) trifiuoroacetic acid (3 mL) was added in one portion and tiie mixture was stirred at ambient 
temperature for 3 h, then ev^orated, and co-evaporated with DCM (4x50 niL) to give the desired 
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acid (988 mg, 100%). NMR (DMSO-ffe): 7.10-7.04 (m, 6H, Arff (phenyl)); 6.86-6.81 (m, 6H, Arif 
(phenyl)); 6.07 (s, IH, OH); 3.93 (m, 4H. OCH2); 3.72 (s, 3H, OCHs); 2.40-2.30 (m, 4H. COCffz); 
1.95-1.85 (m, 4H, CHaCffaCHa), 1.40 (s, 18H, CCfl^). 

4-Mefhoxy-4%4"-bis{[3K^-^iicciniiiridyl)oxycarbonyl]propo^}tr^phenyta^ To a stirred 

5 solution of 4,4'-bis(3-carboxypropoxy)-4"-(4-methoxyben2»yl)tiitanol (742 mg; 1.5 mmol) in dry 
DCM (20 mL) trielhylamine (0.56 mL, 4.0 mmol) and JNT^-disuccinimidyl carbonate (1.27 g, 5.0 
mmol) were added and die mixture was stirred overnight, then evaporated, dissolved in ElOAc (150 
miL), washed with 5% NaHCOs (50 mL) and water (50 mL), dried over NazSOA, evJ^porated, and the 
residue was purified by column chromatogr^hy (20-»>30% EtOAc in toluene). Yield 826 mg (80%), 
10 white amorphous soUd. Rt 0.18 (toluene-EtOAc, 1:1). NMR (DMSO-de): 7.10-7.04 (m, 6H, ArH 
(phenyl)); 6.88-6.81 (m, 6H, Arff (phenyl)); 6.09 (s, IH, OH); 4.03 (t, 4H, J= 5.3 Hz, OCH2); 3.73 
(s, 3H, OCH3); 2.87-2.77 (m, 12H, COCfliCflaCO, COC^z); 2.11-2.03 (m, 4H, CHiCHzCRi). 

Exanq)le 16 




15 4,4»-Bfe[3-^entafluorophenyloxyacarbonyl)propoxyl-4»»-melhoxy-tritanoL This compound was 
made in the same way as the previous one except die pentafluorophenol was used instead of the N- 
hydro^QTSucdnimide. To a stirred solution of 4,4'-bis(3-caibo;qrpropoxy)-4"-methoxy-tritanol (742 
mg; 1.5 mmol) in dry DCM (20 mL) trietiiylamine (0.56 mL, 4.0 mmol) pentafiuorophenyl carbonate 
(1.97 g, 5.0 nmiol) were added and the mixture was stined ovemi^t, then evaporated, coev^orated 

20 with DCM and chiomatogrq)hed on soUca gel (5->10% EtOAc in tohiene). Yield 980 mg (79%), 
dark red oil iif 0.25 (toluene-EtOAc, 3:1). 

Lm = -CH2CH2CH2N(Me)-C(0)-CH2- 
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3-[3-(N-Mefliyl-lteit-butylo5ycarbonylamino)prop3^^ To a 

solution of 34odo-4,4'-dimetlioxybenzophenoiie (1.84 g, 5.00 mmol) and JV^melhyl-iV-Boc- 
propargylamine (1.35 g, 8.0 mmol) in DMF (50 mL) Pd(PPh3)4 (577 mg, 0.50 mmol), Cul (191 mg, 
5 1.0 mmol), EtaN (1.5 mL, 10.7 namol) were succesively added and the mixture was stirred overnight 
under Ar, then diluted with water (150 mL) and extracted with EtOAc (100 mL). The organic layer 
was washed with 0.1 M solution (NH4)2EDTA (3x50 mL), water (3x50 mL), and dried over Na2S04. 
The residue was chromatographed on silica gel using 0— ^8% of EtOAc in toluene to give the desired 
compound as viscous yellowish oil (1 .430 g, 70%). 

10 3-[3-(N-Methyl-/err-butyloxycarbonylamino)propyl] -4,4'-dimethoxybenzophenone. To a 
solution of 3-[3-(N-Methyl-te/f-butyloxycarbonylaimno)propyn-l-yl]-4,4'-di^ 
(1.228 g, 3.0 mmol) in EtOAc (100 mL) 10%Pd/C (350 mg) was added and the mixture was 
hydrogenated for 24 h at ambient pressure. The mixture was jSltered, evaporated and the residue was 
chromatographed on silica gel (0 to 10% gradient of EtOAc in toluene) to give the desired compound 

15 as a viscous colourless oil (920 mg, 74%). NMR (DMSO-rfe): 7.70 (d, 2H, J= 8.5 Hz, Ar/T, H-.2', 
6'); 7.59 (dd, IH, J= 8.6 Hz, V- 2.1 Hz, Ar^, H-6); 7.56 (d, IH, V= 2.1 Hz, ArfT, H-2); 7.10 (d, 
IH, J= 8.6 Hz, Ar/T, H-5); 7.07 (d, 2H, J= 8.5 Hz, AxH, H-3', 5'); 3.89 (s, 3H), 3.86 (s, 3H) 
(OCffg); 3.19 (t, 2H, 7.3 Hz, ArCife); 2.76 (br.s, 3H, NCi^s); 2.56 (t, 2H, J= 7.3 Hz, NC/fe); 1.73 
(m, 2H, ArCHaC/Tz); 1-33 (br.s, 9H, CCffs). 

20 3-[3-(N-Methyl-/eft-butyloxycarbonylaniino)propyl] -4-methoxyphenyI-bis(4- 

mefhoxyphenyl)methanol. To a solution of 3-[3-(N-Methyl-/ier^butyloxycarbonylanain^^ 
4,4'-dime1hoxybenzophenone (827 mg, 2.0 mmol) in THF (20 mL) 0.5 M solution . of 4- 
mefhoxyphenyhnagnesium bronaide in THF (5.0 mL, 2.5 mmol) was added in one portion. The 
mixture was kept at ambient temperature overnight, then quenched with water (1 mL), evaporated, 

25 the residue was partitioned between with saturated NaHCOa solution (150 mL) and EtOAc (150 mL). 
The organic layer was washed with water (2x100 mL) and dried over Na2S04- The residue was 
chromatographed on silica gel in gradient of EtOAc in toluene (0 to 5%) with addition of 1% of 
EtaN. Yield 876 mg (84%), yeUowish foam. 

3-[3-IodoacetyI(methyl]aiiiinopropyO«4-methoxyphen]i-bis(4-mea^ To a 

30 stirred solution of 3-{3-[ter^butyloxycarbanyl(methyl)aimno]prop54}-4-met^^ 

methoxyphenyl)methanol (261 mg, 0.50 mmol) in dry DCM (2 mL) trifluoroacetic acid (2 mL) was 
added in one portion and the mixture was stirred at ambient tCT[qperature for 5 h, then evaporated, and 
co-evaporated with DCM (4x20 mL) to give desired amine as tifluoroacetic salt (orange solid). This 
was partitioned between toluene (150 mL) and 5% NaOH (150 mL). The organic phase was dried 
35 over NaaSOA and ev^orated. Hie residue was dissolved in dry THF (5 mL) iodoacetic acid iST- 
oxysuccinimide ester (170 mg, 0.6 mmol) and DIEA (105 pL, 0.6 mmol) were added in one portion 
and the mixture was stirred at ambient tenq>erature for 3 h, then evirated, diluted witii EtOAc (100 

-56- 



mL), washed with with 5% NaHCX)3 solution (50 mL), water (100 mL), dried over Na2S04, and 
evaporated. The residue was chromatographed on silica gel in S-^15% EtOAc in toluene in the 
presence of 0.5% pyridine. Yield 221 mg (75%), yellowish foam. 

Lm- •'CH2CH2CH2N(Me)-C(0)-CH2CH2' 
5 Exaaq)le 18 




18d 



3-{3-[/ert-Butyloxycarbonyl(methyl)a]iiino]propyn-l-yl}-4,4'--dimetho^ To a 

solution of 3-iodo-4,4-dimethoxybenzophenone (1.84 g, 5.00 mmol) and iST-methyl-iVr-Boc- 
10 propargylamine (1.35 g, 8.0 mmol) in DMF (50 mL) Pd(PPh3)4 (577 mg, 0.50 mmol), Cul (191 mg, 
1.0 mmol), EtaN (1.5 mL, 10.7 mmol) were succesively added and the mixture was stirred overnight 
under Ar, then diluted with water (150 mL) and extracted with EtOAc (100 mL). The organic layer 
was washed with 0.1 M solution (NH4)2EDTA (3x50 mL), water (3x50 mL), and dried over Na2S04. 
The residue was chromatographed on silica gel using 0— ^8% of EtOAc in toluene to give the desired 
15 compound as viscous yellowish oil (1 .430 g, 70%). 

3-{3-[/err-Butyloxycarbonyl(methyl)aiKiino]propyl}-494'-dimethoxybenzopheno To a solution 
of 3-{3-[/;ert-butyloxycarbonyl(methyl)aniino]propyn-l-yl}-4,4'-dimet^^ (1.228 g, 

3.0 mmol) in ElOAc (100 mL) 10%Pd/C (350 mg) was added and the mixture was hydrogenated for 
24 h at ambient pressure. The mixture was filtered, ev^orated and the residue was chromatographed 
20 on silica gel (0 to 100% gradient of EtOAc in toluene) to give the desired conapound as a viscous 
colourless oil (920 mg, 74%). 

3-{3-[ISeiir-Butyloxycarbonyl(meihyl)amino]propyl}<-4-meC^ 

methoxyphenyI)methanoL To a solution of 3-{3-[terr-butyloxyca]1>onyl(methyl)amino]propyl}- 
4,4'-dimethoxybenzophenone (827 mg, 2.0 mmol) in THF (20 mL) 0.5 M solution of 4- 
25 methoxyphenylmagnesium bromide in THF (5.0 mL, 2.5 mmol) was added in one portion. The 
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mixture was kept at ambient tenq)eratuFe overnight, then quenched with water (1 mL), ev^oiated, 
the residue was partitioned between with saturated NaHCOa solution (150 mL) andEtOAc (150 mL). 
The organic layer was washed with water (2x100 mL) and dried over Na2S04. The residue was 
chromatographed on silica gel in gradient of EtOAc in toluene (0 to 5%) with addition of 1% of 
5 EtsN. Yield 876 mg (84%), yellowidi foam. 

3-(3-MethyItorinopropyl)-4-methoxyphenyl-bis(4-methox^ 

To a stirred solution of 3~{3-[^e7t-butyloxycarbonyl(methyl)amino]propyl}-4-methoxyphenyl-^ 
methoxyphenyl)methanol (782 mg, 1.50 mmol) in dry DCM (5 mL) trifluoroacetic acid (5 mL) was 
added in one portion and the mixture was stirred at ambient temperature for 5 h, then evaporated, and 
10 co-evaporated with DCM (4x20 mL) to give 780 mg (96%) of desired amine as trifluoroacetic salt 
(orange solid). 

3-[3-IodoacetyI(methyl] ammopropyI)-4-methoxyphenyl-bis(4-methoxyphenyl)methanoL To a 

stirred solution of 3~(3-methylaniinopropyl)-4-methoxyphenyl-bis(4-methoxyphenyl)metha^^ 
trifluoroacetate (267 mg, 0.50 mmol) in dry THF (5 mL) iodoacetic acid iV-oxysuccinimide ester 
15 (170 mg, 0.6 ramol) and DIEA (105 jxL, 0.6 mmol) were added in one portion and the mixture was 
stirred at ambient temperature for 3 h, then ev^orated, diluted with EtOAc (100 mL), washed with 
with 5% NaHCOa solution (50 mL), water (100 mL), dried over Na2S04, and evaporated The 
residue was chromatographed on siUca gel in 5— >-15% EtOAc in toluene in the presence of 0.5% 
pyridine. Yield 221 mg (75%), yellowish foam. 

20 3-(3-Maleiniidopropyl)-4-methoxyphenyl-bis(4-methoxyphenyl)methanoL To a stirred solution 
of 3-(3-methylarainopropyl>4-methoxyphenyl-bis(4-methoxyphenyl)methm^ trifluoroacetate (267 
mg, 0.50 mmol) in dry THF (5 mL) 3-maleimidopropionic acidTNT-oxysuccinimide ester (136 mg, 0.6 
mmol) and DIEA (105 |iL, 0.6 mmol) were added in one portion and the mixture was sthxed at 
ambient temperature for 5 h, then ev^orated, diluted with EtOAc (100 mL), washed with with 5% 

25 NaHCOa solution (50 mL), water (100 mL), dried over Na2S04, and evaporated. Hie residue was 
chromatographed on silica gel in 5—^25% EtOAc in toluene in the presence of 0.5% pyridine. Yield 
202 mg (71%), yellowish foam. 
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Lm ^ -Si(Me)2'0-CH2CH2CH2- 
Example 19 




1. Bull /benzene 

2. Me2SiCl2 
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5 4-Iodophenyl-bis(4-meihoxyphenyl)methanol. To a stirred and cooled to -TO^'C solution of 1,4- 
diiodobenzene (1.65 g, 5.0 mmol) in dry THF (50 mL) IM BuLi in hexanes (10,0 mL, 10.0 mmol) 
was added dropwise within 30 min. The mixture was left for Ih at -IQPC and the solution, tiien 
warmed to -40X for 30 min and cooled to -70°C again. The solution of 4,4-- 
dimedioxybenzophenone (1.210 g, 5.0 mmol) in THF (50 mL) was added dropwise within 30 min. 
10 The mixture was allowed to warm to room temperature and stirred overnight at ambient tetnperature.v 
Hie solution was evirated to dryness, the residue was dissolved in EtOAc (200 mL), washed with 
5% NaHCOa (100 mL), water (2x200 mL), dried with Na2S04, and evaporated. Hie residue wasl 
dissolved in toluene containing 1% EtsN (10 mL) and the desired tritanol was isolated by a colunm 
chromatography using stepwise gradient 0->2— )4% EtOAc in toluene containing 0.5% EI3N. Yield 
15 915 mg (41%), colourless oil. NMR (DMSOnrfg): 7.64 (d, 2H, J= 8.4 Hz, ArfO; 7-07 (d, 4H, J= 8.8 
Hz, Arfl); 7.00 (d, 2H, 8.4 Hz, AxH)\ 6.84 (d, 4H, 8.8 Hz, ArH); 6.28 (s, IH, Ofl); 3.73 (s, 

% 6H, cm). 

Methyl 4-iodophenyl-bis(4-meaioxyphenyI)me1hyl efhen A solution of 4-iodophenyl-bis(4- 
methoxyphenyl)methanol (670 mg, 1.5 mmol) in toluene (5 mL) and acetyl chloride (5 mL) was 

20 refLuxed for 4 h, then cooled to room temperature, diluted with hexanes (150 mL) and cooled to - 
18®C. The solvent was decanted and the residue was washed with hexane (30 mL), dissolved in dry 
DCJM (5 n3L) and added dropwise to a mixture of MeOH (2mL) and pyridine (10 mL). The naixture 
was stirred for 1 h, then diluted with EtOAc (150 mL), washed with 5% NaHCOa (2x100 mL), water 
(2x100 mL), dried with Na2S04, and evaporated and coevaporated with toluene (100 mL). The 

25 residue was chromatographed on silica gel in toluene containing 0.5% EtsN to give the titie 
conqKiund (545 mg, 79%) as a white foam. 

Mefliyl 4*-[(3-aiiiinocarbon}d^ropoxy)dimethylsilyl]phenyl-bis(4-metihiox^ methyl ether. 

A solution of melhyl 4-iodophenyl-bis(4-methoxyphenyl)mefl^l ether (460 mg, 1.0 mmol) in THF 
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(10 xnL) was cooled to "70^ and IM BuLi in hexanes (1.1 mL, 1.1 mmol) was added dropwise 
within 10 min. The mixture was warned and kept at -40°C for 1 h. The solution of 
dichlorodimethylsilane (130 mg, 1.0 mmol) in TEIF (2 mL) was added dropwise within 10 min. The 
mixture was allowed to warm to O^C (approximately 1 h), and the solution of 4-hydroxybtityramide 
5 (206 mg, 2 mmol) in pyridine was added dropwise within 30 min. The mixture was allowed to warm 
to room temperature, evaporated, diluted with with EtOAc (100 mL), washed with 5% NaHCOs 
(2x50 mL), water (2x50 mL), dried with Na2S04, and evaporated and coev^orated with toluene 
(100 mL). The residue was chromatogr^hed on silica gel in 0->5~>10% EtOAc in toluene 
containing 0.5% EtsN to give the desired compound (235 mg, 48%) as a off white foam. 

10 Group M 

M = hydroxy I 
Example 20 




15 3-{4-[Ethoxy-bis(4-methoxypheny0methyllphenyl}propionic acid, iV-oxysuccinimide ester. 3- 
{4-IlIydroxy-bis(4-methoxyphenyl)methyl]phenyl}propionic acid, AT-oxysuccinimide ester (978 mg,v 
2.0 mmol) was dissolved in ethyl acetate (50 mL) and absolute ethanol (5 mL). Triethylj 
orfhofonniate (600 mg, 4 romol) and acetyl chloride (25 were added to the mixture and this was 
left with stirring overnight at ambient temperature. The mixture was evaporated and the residue was 

20 chromatographed on silica gel column in 30% EtOAc in toluene. Yield 724 mg (70%). 

3-{4-pEflioxy-bis(4-methoxyphenyl)methyl]phenyl}propanoL 3-{4-[Ethoxy-bis(4- 
methoxyphenyl)methyl]phenyl}propiomc acid, iST-oxysuccinimide ester (517 mg, 1.0 mmol) was 
dissolved ia methanol (5 mL) and sodium borohydride (190 mg, 5.0 mmol) was added in one 
portion. The mixture was left overnight, then evapOTate4 diluted with water (100 mL) and ethyl 
25 acetate (100 mL). The organic layer was separated and washed with 5% NaHCOs (100 mL), then 
dried over Na2S04 and evaporated The residue was chromatographed on silica gel in 5— ^15% 
EtOAc in toluene. Yield 390 mg (96%), colourless oil. 

Exap rq^le 21 

Example 3 relates to compound 3a in \sduch M is hydroxyl. 
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1^=^ amino 
Exam ple 22 

Examples 12 and 13 relate to compounds 12c and 13b in which M is amino. 
M = methylammo 

Example 17 relates to compound 17b in which M is methylamino 

M = carboxyl or NHS ester groups 
Example 24 

NMe2 




10 4-{4.[Hydroxy-(4-dimethyIanimophenyl)-phenyl-methyI]phenoxy}b^^ acid, ten-\mty\ 

ester. To a stirred solution of 4-[3-(/g/f-butyloxycarbonyl)propoxy]benzophenone (1.36 g; 4.0 mmol) ^' 
in dry THF (30 mL) 0.5 M 4-dimethylaminophenyhnagnesivim bromide (10.0 mL, 5.0 mmol) was 
added in one portion under Ar, and the mixture was kept at ambient temperature overnight 
(monitoring by TLC in EtO Ac-toluene 1:9). The reaction was diluted with water (200 mL) and 5% 

15 NaHCOa (100 mL), and extracted with EtOAc (2x100 mL). The organic phase was dried over 
Na2S04, evaporated, and chromatographed on silica gel in toluene with 1.0% of EtaN to give the 
desired compound as a pinkish oil. Yield 1.809 g (98%). NMR (DMSO-de): 7.26 (m, 2H, AxH)\ 7.19 
(m, 3H, ArH); 7.07 (d, 2H, J= 8.8 Hz, Ari3); 6.96 (d, 2H, J= 8.8 Hz, ArH); 6.81 (d, 2H, J= 8.8 Hz, 
ArH); 6.62 (d, 2H, J- 8.8 Hz, AiH)\ 6.02 (s, IH, OH); 3.94 (t, 2H, J= 6.3 Hz, OCiJi); 2.86 (s, 6H, 

20 NCifs); 2.35 (t, 2H, J= 7.3 Hz, COC/Zi); L91 (m, 2H, CHzC/fzCHs), 1,40 (s, 9H, CCflb). 

4-{4-[Hydroxy-(4-dimethylaminopheny]^-phenyl-methyI]phenoxy}butanoic acid, 7V- 
oxysucdnimide ester. To a stirred solution of ter^-butyl 4-{4-|>ydroxy-<4-dimethylaminophenyl>- 
phen)i-methyl]phenoxy}bxitanoate (923 mg; 2.0 mmol) in dry DCM (3 mL) trifluoroacetic acid (3 
mL) was added in one portion and the mixture was stirred at ambient temperature for 1 h, then 
25 evq>orated, and co-ev^rated with DCM (4x50 mL) to give the desired acid This was dissolved in 
DCM (40 mL), water (2 mL) and EtsN (5 mL), wadied with water (2x50 mL), dried over Na2S04, 
and evaporated to dryness. The residue was dissolved in DCM (15 mL), triethylamine (0.7 mL, 5.0 
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mmol) and JNTyAT-disucciniiiiidyl carbonate (0.77 g, 3 mmol) were added and the niiixture was stirred 
unta the reaction is complete (monitoring by TLC in tohiene-EtOAc, 2:1), then ev^orated, 
dissolved in EtOAc (100 mL), washed wifli 5% NaHCOs (100 mL) and water (100 mL), dried with 
Na2S04, evaporated, and the residue was purijBed by column chromatography (5-^10->15% EtOAc 
5 in toluene). Yield 458 mg (43%), pink amorphous soUd NMR (DMSO-Je): 7.26 (m, 2H, ArH); 7.19 
(m, 3H, ArH); 7.07 (d, 2H, J= 8.7 Hz, AiH); 6.96 (d, 2H, 8.7 Hz, ArH); 6.84 (d, 2H, J= 8.7 Hz, 
ArH); 6.62 (d, 2H, J= 8.7 Hz, ArH); 6.03 (s, IH, OH); 4.02 (t, 2H, J= 6.3 Hz, OCffe); 2.88-2.79 (m, 
12H, NCH3, CH2CH2CH2CO, COCH2CH2CO); 2.06 (m, 2H, CH2CH2C3H2)^ 

M-==sulfoNHS ester 
10 TTiraTnple 2S 

OMe r n r ~l 




OMe 



3-{4-[Hydroxy-bis(4-methoxyphenyl)methyIlphenyl}propionic acid, iV-oxysulfosuccinimide 
ester, sodium salt. The starting l-(2-{4-[hydroxy-bis(4-methoxyphenyl)methyl]phenyl}ethyl)-4- 
methyl-2,6,7-trioxabicyclo-[2.2.2]octane (0.96 g, 2.0 mmol) was hydrolysed as above (Example 1). 

15 The crude acid obtained was dissolved in dry DMF (20 mL), then iNT-KJxysvdfosuccinimide sodium 
salt (435 mg, 2.0 mmol) and DCC (678 mg, 3.3 mmol) were added and the mixture was left under 
stirring overnight, cooled to +4°C, and the precipitate formed was filtered off. Tlie solution was 
diluted with diy Et20 (300 mL) and the desired conqjound was collected by filtration, washed with 
ether and dried in vacuo. Yield 793 mg (67%), brown soUd, Rt 0.54 (n-propanol-EtOAc^water, 

20 8:1:1). 

M'^amido 
Example 26 

Example 19 relates to conopound 19e in which M is amido. 
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M = al^hatic or aromatic iodide 
Pvam ple 27 

Exan^le 17 lelates to compound 17c in which M is an aliphatic iodide. 



Pvample 28 



5 




Tris(2,6-dinietilioxypheiiyl)carbemum tetrafluoroborate was prepared from 2,2',2",6,6',6"- 
hexamethoxytriphenylmethanol as described [Chem. Eur. J., 7(8), 1773-1783 (2001)], yield 96%. 

l(K4-IodoplienyO-9-(2,6-dime11io3qTphenyI)acridimimi tetrafluoroborate was prepared similar to 
10 known procedure for corresponding methyl derivative [Tetrahedron Lett., 44(1), 17-21 (2003)]. 
Tris(2,6-dimethoixyphaiyl)carbeaium tetrafluoroborate (250 mg, 0.49 mmol) and 4-iodoaniline (135 
mg, 0.62 mmol) were suspended in 2,6-lutidine (2 mL). The mixture was refluxed for 2h under Ar, 
then cooled and diluted with etiier-heptane (1:1, 30 mL). The precipitate was collected and washed 
wifli ether. The crude material (250 mg) was dissolved in MeCN (2 mL) and precipitated by 
15 succesive addition of ether (30 mL) and petroleum ether (15 mL). The precipitated oil was triturated, 
to crystals in cooled petroleum ether. The crystalline solid was filtered off, wadied with peproleum 
ether and dried in vacuo. Yield 209 mg (64%). 

4-(4-Iodophen3^-4-aia-M2-dioxa-4,M2,12c^tetrahydrodibenzo[ci4»«]pyreirium 
tetraflaoroborate. 10-(4-Iodophenyl)-9-(2,6Kiime1ho3Q^henyl)acridinium tetrafluoroborate (118 
20 mg, 0.18 mmol) and pyridinium hydrochloride (3.0 g) was heated at 170-180°C for 2h and poored 
into iceAnrater (25 mL). 50% HBF4 (2 mL) was added and the precipitate formed was filtered off, 
washed with water (10 mL), and dried in desiccator over P4O10 overnight Yield 93 mg (91%). NMR 
(DMSO^): 832-8.21 (m, 5H, H-2,6,10,3',5'); 7.73 (d, 4H, J'= 8.5 Hz, H-1,7,9,11); 7.49 (d, 2H, J= 
8.2 Hz, H-2'.6'); 6.95 (d, 2H, y= 8.5 Hz, H-3,5). 

25 M = pentqfluorophenyl ester 
Example 2» 

Exanq)le 16 relates to con^und 16a in vMch M is apaottafluorophenyl ester groi^. 

M = maleimido group 
Example 30 

30 Exaiiq>le 18 relates to compound 18d in which M is a maleimido grotq>. 
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Example 30A 




3-[5-(2-Tetrahydropyrany0oxypentyl]-4,4*-dimethoxybeiizop^ To a solution of 3-(5- 



hydroxypentyl)-4,4*-dimethoxybenzophenone (542 mg, 1.65 xnmol) in DCM (10 mL) DHP (0.17 mL, 
5 1.82 mmol) and TSOH H2O (16 mg, 0.08 mmol) were added and the mixture was stirred for 1.5 h at ' 
ambient temperature (TLC control in 10% EtOAc in tolume). Solid NaHCOa (0.5 g) was added and , 
after 5 min the mixture was filtetred, evaporated, and the residue was chromatographed on silica gel 
(3% EtOAc and 1% EtsN in toluene) to give the desired coniqpound as a colorless oil (441 mg, 65%). 
NMR (DMSO-€fc): 7.78 (d, 2H, J- 8.5 Hz, H-2',6'); 7.63 (m, 2H, V2.6 - 1.8 Hz, H-2,6); 6.95 (d, 2H,' 
10 J= 8.5 Hz, ArH, H-3',5'); 6.87 (d, IH, J = 8.2 Hz, H-5); 4.56 (m, IH, OCHO); 3.92-3.82 (m, 7H, 
CH3, OCflH); 3.73 (m, IH), 3.48 (m, 3H), 3.38 (m, 3H) (OCflH); 2.64 (t, 2H, J= 7.6 Hz, ArCfli); 
1.88-1.38 (m, 12H, OCM2CH2CH2CH2). 

3-[5-(2-TetrahydropyranyI)oxypentyl]-4,4%4"-trlmefliox^ To a solution of 3-[5-(2- 

teti:ahydropyraayl)oxypentyl]-4,4'-dimethoxybenzophenone (363 m& 0.88 mmol) in TEBF (5 niL) 1.6 

15 M 4-methoxyphenylmagnesium bromide in THF (0.75 mL, 1 .2 mmol) in one portion and the noixture 
was kept overnight at ambient temperature. Tlie mixture was quenched by addition of water (1 mL) 
and evaporated. Hie residue was dissolved in EtOAc (30 mL), washed with 5% NaHCOa (2x10 mL), 
dried over Na2S04 and evaporated. The desired conopound was isolated by column chromatography 
on silica gel (5% EtOAc + 1% EtsN in toluene). Hie ^sired conqniund was isolated as a colourless 

20 oil (304 mg, 66%). 

5-{2-Methoxy-5-[methoxy-bis(4-methoxyphenyl)methyI]phenyl}pentanoL To a stirred solution of 
3.[5-(2~tetrahydropyranyl)oxypentyl]-4,4\4**-trime*hoxytri^ (304 mg; 0.58 mmol) in MeOH (20 
mL) TsOH-HzO (10 mg) was added, and the mixture was kept at ambient temperature overnight 
(monitoring by TLC in EtOAc-4oluene 1:9). Solid K2CO3 (300 mg) was added ant the mixture was 
25 evaporated and chromatographed on silica gel in 20% EtOAc + 1% EfeN in toluene. Yield 254 mg 
(97%). 
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iV-(5-{2TlV[etti03^-5-[methoxy-bis(4-me(thox^ To a 

stirred solution of 5-{2-methoxy-5-[methoxy-bis(4-methoxyphenyl)me1h^^ (206 
mg; 0.46 mmol) in THF (5 mL) maleimide (49 mg, 0.50 mmol), PPl^ (131 mg, 0.5 nunol) were 
added followed by DEAD (0.08 jdL, 0.53 mmol). The mixture was kept at ambient temperature for 
5 24 h (monitoring by TLC in MeaCXD-toluene 1:9), evaporated and chromatographed on silica gel in 
2% EtOAc + 1% EtsN in toluene. Yield 37 mg (6%), 

M = aryldialkyhilyl chloride 
Example 31 

Exan^le 19 relates to compound 19d in which M is a aryldialkylsilyl chloride group. 

10 M = trityl group 

MeO 




MeO 



l,6-Di(4-methoxybenzoyI)pyrene. To an ice-cooled solution of pyraie (5.06 g, 25 mmol) and 4- 
methoxybenzoyl chloride (9.20 g, 54 mmol) in dichloromethane (150 mL) powdered AICI3 (8.00 g, 

15 60 mmol) was added in small portions within 30 min, so that intemal reaction mixture temperature 
was not higher than 5°C. Ihe mixture was allowed to warm to room temperature and was left to react 
for 2 days, then poured on ice (300 g) and cone. HCl (50 n^GL). DCM layer was separated, and 
aqueous phase was extracted with EtOAc (2x150 mL). Combined organic layers were washed with 
5% NaHCOa (200 mL), water (200 mL), dried over CaCl2 and evaporated. The residue was appUed 

20 to a silica gel column and eluted with CHCI3 with 0^10% EtOAc. Fractions containing di(4- 
methoxybenzoyl)pyrenes (several isomers) were combined, evaporated, and Ihe residue was 
crystallized twice from EtOAc to give the desired compound as brownish yellow solid. Yield 440 mg 
(3.7%). NMR (CDCI3): 8.32 (d, 2H, 9.2 Hz, jy-5,10 (pyrene)); 8.23 (d, 2H, J= 7.8 Hz, jBr-2,7 
(pyrene)); 8.11 (d, 2H, J= 9.2 Hz, jy-4,9 (pyrene)); 8.08 (d, 2H, J= 7.8 Hz, 27-3,8 (pyrene)); 7.88 (d, 

25 2H, 8.7 Hz, AiH (phenyl)); 6.95 (d, 2H, J= 8.7 Hz, ArJT (phenyl)); 3.88 (s, 6H, OCHi). 

l,6-Di[hydroxy-bis(4-methoxyphenyl)methyI]pyrene. To a suspension l,6-di(4- 
methoxybenzoyl)pyrene (235 mg, 0.5 mmol) in dry THF (20 mL) the solution of 0.9 M 4- 
methoxyphenyhnagnesium bromide (1 .45 mL, 1 .0 mmol) was added in one portion under argon, and 
tiie mixture was refluxed for 3h, then cooled and evaporated The residue was partitioned between 
30 water (200 mL) and EtOAc (200 mL); the organic phase was dried ova: Na2S04, ev2?>orated, and the 
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residue was separated by colunm cfaiomatography. Hie desired cotapound was obtained as a 
yeUowish soUd (46 mg, 13%). NMR (DMSO-rfe): 8.58 (d, 2H, J= 9.4 Hz, iy-5,10 (pyrene)); 7,96 (d, 
ZH, 8.3 Hz, J?-2,7 (pyiene)); 7.81 (d, 2H, /= 9.4 Hz, jy-4,9 (pyrene)); 7.30 (d, 2H, 8.3 Hz, 
3,8 (pyrene)); 7.14 (d, 8H, J= 8.8 Hz, PsxH (phenyl)); 6.87 (m, lOH, AriJ (phenyl), O^; 3.74 (s, 
5 12H,OCJy3). 

M = ester group 




4-{4-[Hydroxy<fMophen-2-yQ<4-metlioxyphenyI)-mef]iyI]phenox^^ adld, l^-butyl 

10 ester. To a stirred solution of 4-[3-(te/t4>utyloxycarbonyl)propoxy]-4'-methoxybenzophenone (1 .85 
g; 5.0 mmol) in dry THF (50 mL) 1.0 M 2-fhienyhnagnesium bromide (7.5 mL, 7.5 nnnol) was 
added in one portion under nitrogene, and the naixture was kept at ambient temperature overnight 
(monitoring by TLC in EtO Ac-toluene 1:9). After addition of water (10 mL) the reaction mixture 
was evaporated, dissolved in EtOAc (200 mL) and washed with 5% NaHCOa (3x100 mL). The^ 
15 solution was dried over Na2S04, evaporated, and chromatographed on silica gel in toluene with 1.0% : 
of EtaN to give the desired compound as a violet oU. Yield 1.33 g (58%). NMR (DMSO-Je): 7.40 (m,: 
IH, H-5 (thiophene)); 7.15 (m, 4H, Arff (phenyl)); 6.93 (m, IH, H-4 (thiophene)); 6.84 (m, 4H, PsxH : 
(phenyl)); 6.62 (m, IH, H-3 (thiophene)); 6.52 (s, IH, OH)\ 3.94 (t, 2H, 6.4 Hz, OCHi)\ 3.73 (s, 
3H, OC^a); 2.35 (t, 2H, J- 7.3 Hz, COCfli); 1.91 (m, 2H, CHiCfliCHa), 1.39 (s, 9H, CCHi). 

20 M = orthoester group 




4-{4-[Hydro3y-bis(4-mefliyltluophenyI)methyIlphcnoxy}b^ add, JV-oxysucciiiimide ester. 
To a stiired and coolled to -70''C mixture of THF (40 mL) and 0.9M BuLi in hexane (11.1 mL, 10 

25 mmol) the solution of l-[3-(4-Bromophenoxy)propyl]--4-methyl-2,6,7-trioxabicyclo[2.2.2]oct^ 
(1.716 g, 5.0 mmol) in THF (50 mL) was added dropwise within 30 min. The mixture was left for Ih 
at -70°C and the solution of 4,4'-bis(methylthio)benzophenone (1.372 g, 5.0 mmol) in THF (50 mL) 
was added dropwise within 30 min. The mixture was allowed to warm to room temperature and 
stirred ovemi^t at ambient temperature. The solution was evaporated to dryness, the residue was 

30 dissolved in EtOAc (200 mL), washed with 5% NaHCCb (2x200 mL), water (2x200 mL), dried witii 
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Na2S04, and evaporated Tlie residue was dissolved in toluene containing 1% EfeN (10 mL) and the 
desired tritanol ortho ester was isolated by a column chromatography. The column was eluted with 
stepwise gradient 8-^12-^15% EtOAc in toluene containing 1% EtsN. The isolated l"(3-{4- 
piydroxy-bis(4-metiiyltMophenyl)methyl]phenyl}propoxy)-4-meA^^ 

5 trioxabicyclo[2.2.2]octane (810 mg, 1.5 mmol, 30% yield) was dissolved in the THF-water mixture 
(19:1, lOmL), and tiifluoroacetic acid (0.08 mL, 1 mmol) was added. After stirring for 10 min the 
mixture was evaporated, the residue was dissolved wiih EtOAc (200 mL), washed with 5% NaHCOa 
(100 mL) and water (:^100 mL), dried over Na2S04, evaporated, diluted with 10 % NaOH in 
ethanot-water (8:2, lOmL), stirred ovemi^t, then evaporated, coevaporated with water (2x50 mL), 

10 dissolved in water (100 mL), washed with ether (2x100 mL), and then acidified with solid citric acid 
to pH 4. The reaction mixture was extracted with EtOAc (2x100 mL), the combiaed organic layers 
were washed with water (50 mL), dried over Na2S04 and evaporated to dryness. The resulting acid 
was dissolved in dry DCM (30 mL). Triethylamine (0.7 mL, 5 mmol) and J\r,2V-disuccmimidyl 
^ carbonate (0.51 g, 2.0 mmol) were added and the mixture was stirred until the reaction is complete 

15 (monitoring by TLC in toluene-EtOAc, 1 : 1), then evaporated, dissolved in EtOAc (200 mL), washed 
with 5% NaHCOs (100 mL) and water (100 mL), dried with Na2S04, evaporated, and the residue was 
purified by column chromatography (10 to 40% EtOAc in toluene). Yield 348 mg (42% fi-om ortho 
ester), white amorphous solid. NMR pMSO-Je): 7.18 (d, 4H, J= 8.5 Hz, ArH); 7.12 (d, 4H, 8.5 
Hz, Ar^O; 7.07 (d, 2H, J= 8.9 Hz, ArH); 6.87 (d, 2H, J== 8.9 Hz, Ar^; 6.27 (s, IH, OH); 4.03 (t, 

20 2H, /= 6.2 Hz, OCH2); 2.87-2.79 (m, 6H, COC/fe, COdZaCfliCO); 2.45 (s, 6H, CH3); 2.10-2.03 
(m,2H,CH2CH2CH2). 

M = phosphoramidite gfroup 
Example 35 

Example 14 relates to compound 14c in which M is a phosphoramidite group. 

• 25 

Tbrample 35 A 




6-{2-Meflioxy-5-[hydro3qr.bis(4-methoxyphenyl)methyI]phenyl}he acid hydrazide. To a 

30 stirred solution of 6-{2-melhoxy-5-[hydroxy-bis(4-melhoxyphenyl)methyl]phenyl}he^^ acid, JV^ 
oxysuccinimide ester (562 mg; 1.00 mmol) in THF (10 mL) hydrazine hydrate (120 mg, 2 mmol) 
was added in one portion and the mixture was stirred at ambient tenqierature for 1 h, then diluted 
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with water (100 mL). The gummy piecipitate was washed with water by decaiitation (4x50 mL) and 
dried in evacuated desiccator over P4O10 to give pure hydrazide as white solid. Yield 466 mg (97%). 
NMR (pUSO-de): 8.28 (br. s, IH. CON^; 7.69 (d. IH, J= 8.8 Hz, AtH); 7.08 (d, 4H, J= 8.8 Hz, 
AiH); 6.97 (d, IH, V= 2.1 Hz, AxH); 6.92-6.81 (m, 5H, Arfl); 6.00 (s, IH, OH); 3.99 (br. s, 2H, 
5 Nffa); 3.88 (s, 3H), 3.85 (s, 6H) (OC^a): 2.61 (t, 2H, J" = 7.3 Hz), 2.46 (t, 2H, .7= 7.6 Hz) 
(ArCffiCHaCHaCHaCHz); 1.54 (m, 2H), 1.44 (m, 2H), 1.32 (m, 2H) (ArCfliCfliCffa). 

Pvample 




5-{2-Methosy-5-Iinethoxy-bis(4-methoxyphenyl)methyl]phenyl}pentyl carbazate. To a stirred 
10 solution of 5-{2-methoxy-5-[methoxy-bis(4-methoxyphenyl)methyl]phenyl}pmtanol (450 1.0 
mmol) in DCM (20 mL) CDI (194 mg, 1.2 mmol) was added, and the mixture was stirred for 2 h: at 
ambient temperature (monitoring by TLC in EtOAc-toluaie 1:4). When formation of imidazolide is 
con5)lete, hydrazine hydrate (100 pL) was added and the solution was stirred for 1 h, thai diluted 
witih water (150 mL), and extracted with toluene (3x50 mL). The cranbined or^nic layer was dried 
15 over Na2S04, evaporated, dissolved in THF (10 mL), and 6 N HCl (200 pL) was added. The nuxture 
was ev£^oiated and coevaporated wifli toluene (3x50 mL) to give carbazate hydrochloride. Yield 466 
mg (88%). 



M=-ONH2 
TtTflm pte 35C 




^-(5.{2-Methoxy-^[mefbo^-bis(4-met]ioxyphenyI)meth3i]phenyl}pen1ylo3y)-p To 
a stirred soluticm of 5-{2-me1ii0xy-5-[meflioxy-bis(4-metiio^henyl)mefliyl>phenyl}paitanol (206 
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mg; 0.46 mmol) in THF (5 mL) i\r-hydroxyphthalimide (82 mg, 0.50 mmol), PPl^ (131 mg, 0.5 
mmol) were added followed by DEAD (0.08 mL, 0.53 mmol). The mixture was kept at ambient 
tenq>erature for 24 h (monitoring by TLC in Me2CX3-toluene 1:9), evaporated and chromatographed 
on silica gel in l->4% EtOAc + 1% EtaN in toluene. Yield 182 mg (66%). 

5 0-(5-{2-Methoxy-5-Imethoxy-bis(4-metho5yphenyl)methyI]phenyl}penty^ To a 

stirred solution of J\r-(5-{2-methoxy-5-[methoxy-bis(4- 

methoxyphenyl)methyl]phenyl}pentyloxy)phthaliniide (120 mg; 0.20 mmol) in THF (2 mL) 
hydrazine hydrate (50 pL) was added and the solution was stirred for 48 h, then diluted with water 
(50 mL), and extracted with toluene (2x30 mL). The combined organic layer was dried over N^SOa, 
10 evirated, dissolved in THF (2 mL), and 6 N HCl (40 pL) was added. The mixture was evaporated 
and coevaporated with toluene (3x20 mL) to give pure hydroxylamine hydrochloride (87 mg, 90%). 



9 HO" 




M = adamantyl (a hydrophobic group) 
Exam ple ^6 

PhaP/DIAD/dloxane^ iT^^^r^H l3L 

4-[2-(Adamantan-l-yI)ethoxy]benzophenone. In a roimd-bottom flask equipped with magnetic 
stirrer, room temperature water bath and dropping funnel 4-hydroxybenzophenone (1.98 g, 10 
mmol), 1-adamantaneethanol (1.98 g, 11 mmol) and triphenylphosphine (3.15 g, 12 mmol) were v 
dissolved in dry dioxane (50 mL). DIAD (2.46 ml, 12.5 mmol) was added dropwise within 20 min 

20 with stirring. The reaction mixture was heated to 40-45^C until starting benzophenone is consumed 
according to TLC (CHCls-MeOH 9:1), then cooled to room tenq)erature; the precipitate formed was 
filtered ofiF, washed successively with cold dioxane and MeOH and dried m vacuo. The solid was 
purified by column cfaromatogrs^hy on silica gel (eluation with benzene). The appropriate fiiactions 
were combined and evaporated. The residue was triturated in petroleum ether to give the desired 

25 product (1.91 g, 53%), colorless crystals, nip 96*'C. Rf 0.17 (toluene), 0.57 (toluene-EtOAc, 9:1), 
0.64 (toluene-EtOAc, 4:1). NMR (DMSO-de): 7.74 (d, 2H, J = 8.7 Hz, Arfl);. 7.70-7.62 (m, 3H, 
ArH); 7.55 (m, 2H, AxH); 7-07 (d, 2H, J= 8.7 Hz, AxH); 4.14 (t, 2H, J= 7.2 Hz, OCH2); 1.93 (br. s, 
3H, H-3,5,7 (adamantane)); 1.70-1.60 (m, 6H, H-4,6,10 (adamantane)); 1.58-1.50 (m, 8H, H-2,8,9 
(adamantane), OCH2C/r2). 

NMe2 

r-K 36a ^ ^ 

^jy^ — - ^ 
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4-[2-(Adamantan-l-yI)efhoxy]phenyl-(4-dimeA To a stirred 

solution of 4-[2-(adainantan-l-yl)ethoxy]beazophenone (721 mg; 2.0 mmol) in dry THF (20 mL) 0.5 
M 4-dimethylaniinophenylxnagnesiuni bromide (6.0 mL, 3.0 mmol) was added in one portion under 
At, and the mixture was kept at ambient temperature overnight (monitoring by TLC in EtOAo- 

5 toluene 1 :9). The reaction was diluted with water (100 mL) and 5% NaHCOs (50 mL), and extracted 
with EtOAc (2x50 mL). The organic phase was dried over Na2S04, evaporated, and 
chromatographed on silica gel in toluene with 1.0% of EtsN to give the desired compound as a pink 
oil. Yield 684 mg (71%). NMR (DMSO-t/e): 7.26 (m, 2H, ArH); 7.20 (m, 3H, AiH); 7.06 (d, 2H, J= 
8.8 Hz, ArH); 6.96 (d, 2H, J= 9.0 Hz, AxH); 6.80 (d, 2H, 9.0 Hz, AxH); 6.62 (d, 2H, 8.8 Hz, 

10 ArH); 6.01 (s, IH, O^; 3.98 (t, 2H, J= 7.1 Hz, OCH2); 2.86 ( s, 6H, TSlCHs); 1.92 (br. s, 3H, H-3,5,7 
(adamantane)); 1.70-1.56 (m, 6H, H-4,6,10 (adamantane)); 1.55 (m, 6H, H-2,8,9 (adamantane)); 1.50 
(m, 2H, OCU2CH2). 

M = phenylalkyl (a hydrophobic group) 
Example 37 



15 




37a 



37b 



4-{4-[Hydroxy-(4-dimethylaminophenyl)-(4-methoxyphenyl)-methyllphe acid, 4- 

phenylbutylamide. To a stirred solution of 4-{4-|Ttydroxy-(4-dimefhylaminophenyl)-(4-; 
methoxypheayl)-methyl]phenoxy}butanoic acid (245 mg, 0.56 mmol) in dry DMF (10 mL) NJf^~ 

20 diisopropylethylamine (145 pL, 0.84 mmol) and PyBOP (350 mg, 0.67 mmol) were subsequentiy 
added. The mixture was stirred 10 mi'n at ambient temperature, and 4-phenylbutylamine (167 pL, 
1.12 mmol) was added. The mixture was stirred then 1 h, diluted with EtOAc (200 mL), washed witih 
water (4x100 mL), dried over Na2S04, and chromatographed on silica gel in toluene with 10-^15% 
of EtOAc and 0.5% EtaN. Hie product was obtained as pale pink oil (275 mg), yield 86%. NMR 

25 (DMSO-e/g): 7.80 (m, IH, Ni?); 730-7.10 (m, 5H, ArS); 7.06 (m, 4H, ArH); 6-95 (d, 2H, 8.8 Hz, 
ArH); 6.80 (m, 4H, ArH); 6.61 (d, 2H, J= 8.8 Hz, ArH); 5.91 (s, IH, OH)\ 3.91 (t, 2H, /= 6.3 Hz, 
OCH2); 3.72 (s, 3H, OC/Ts); 3.06 (m, 2H, NC^z); 2-85 (s, 6H, NCiJa); 2.55 (m, 2H, PhCHz); 2.20 (t, 
2H, J= 7.3 Hz, COCJJa); 1.91 (m, 2H, COCHzC^fe), 1-54 (m, 2H, PhCHaC/fe), 139 (m, 2H, 
NCHiC/fe). 

30 4-{4-[HydroxyK4-^™ethylanMnophen3i)-(4-methoxyphenyI)-methyI]p butanoic acid, 4- 

(acetylamino)butylamide. NMR (DMSO-d^): 7.81 (m, IH, NH); 7.77 (m, IH, NH); 7.06 (m, 4H, 
ArH); 6.95 (d, 2H, 8.7 Hz, ArH); 6.81 (m, 4H, ArH); 6.61 (d, 2H, J= 8.7 Hz, AiH); 5.92 (s, IH, 
OH); 3.92 (t, 2H, 6.4 Hz, 001^2); 3.72 (s, 3H, OCiJs); 3.00 (m, 4H, NCH2); 2.85 (s, 6H, NC/f3); 
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2.21 (t. 2H, 7= 7.3 Hz, COC^a); 1.91 (m, 2H, COCHaCHi), 1.77 (s, 3H, COCfTs); 136 (m. 4H, 
NCHjCffzC/fz). 

5 Kyample ^« 




Cr' 



coa 



MeO^ Aia3.DCM 




OMe 



l-(4-Met]ioxybe]izoyl)pyrene. To aa ice-cooled solution of recrystallized pyrene (S.06 g, 25 mmol) 
and 4-methoxybenzoyl chloride (4.60 g, 27 mmol) in dichloromefhane (50 mL) powdered AICI3 
(4.00 g, 30 mmol) was added in small portions witiiin 30 min, so that internal reaction mixture 

10 temperature was not higher tiian S^C. The mixture was allowed to warm to room ten^eralure, then 
poured on ice (200 g) and cone. HCl (25 mL). DCM layer was separated^ and aqueous phase was 
extracted with DCM (2x40 mL). Combined organic layers were washed with 5% NaHCOs (100 mL);, 
water (100 mL), dried over CaCb and evaporated. The residue was purified by column 
chromatography on silica gel in CHCI3 with 0— >2% EtOAc to give the desired compound as lig^t 

15 yeUow crystals, mp 153^C, (NMR (DMSO-di;): 8.41^.05 (m, 9H, H (pyrene)); 7.77 (d, 2H, J= 9.0 ^ 
Hz, Arff (phenyl)); 7.06 (d, 2H, J- 9.0 Hz, Ar/T (phenyl)); 3.85 (s, 3H, CH3). 



I.BuU/fHF 



OMe 

- I / \_r{ CFjCOsH/THF/HjO 





l<3-{4-[Hydrox)r-4-mefhox3nphenyl-^yi^-l-yl)methyl]pbenoxy}propyO 
20 trioxabicyclo[2.2.2]octane was prepared using fhe above procedure for bis(methylfido) compound, 
yield 17%. NMR (DMSO-<fc): 8.60 (d, IH, J= 9.6 Hz, ^-10 (pyrene)); 8.25 (d, IH. 7.6 Hz, H-6,S 
(pyrene)); 8.17 (d, IH, J= 7.6 Hz, ^-6,8 (pyrene)); 8.14 (d, IH, J= 9.0 Hz, H-2,3 (pyrene)); 8.10 (d, 
IH, J= 9.0 Hz, ^-2,3 (pyrene)); 8.08 (d, IH, J= 8.0 Hz, H-4 or H-S (pyrene)); 8.03 (t, IH, J= 7.6 
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Hz, H-1 (pyrene)); 7.90 (d, IH, J= 9.6 Hz, iy-9 (pyrene)); 7.35 (d, IH, 8.0 Hz, H-A or H-5 
(pyrene)); 7.17-7.10 (m, ffi. AxH (phenyl)); 6.90-6.82 (m. 4H, Arff (phenyl)); 3.96-3.90 (m, 2EI. 
ArOCfii); 3.81 (s, 6H, OCffa); 3.74 (s, 3H, OCffa): 1-83-1.68 (m, 4H, OCHzCffzCffz); 0.74 (s, 3H, 
CHi). This was Ihen hydrolysed and converted to 4-{4-[Hydroxy-4-mettioig?phenyl-Cpyren-l- 

S yQmetiiyqphenoxy} butyric add, iV-oxysucdniinide ester, 46% yield from ortho ester. WsSR. 
(DMSO-de): 8.62 (d, IH, J= 9.4 Hz, ^-10 (pyiene)); 8.17 (d, IH, J= 7.6 Hz, jy-6,8 (pyrene)); 8.15 
(d, IH, J= 7.6 Hz, ^-6,8 (pyiene)); 8.14 (d, IH, J= 9.0 Hz, /r-23 (pyrene)); 8.10 (d, IH, J= 9.0 Hz. 
ir-2,3 (pyiene)); 8.08 (d, IH, J = 8.0 Hz, H-A or H-5 (pyrene)); 8.03 (t, IH. J = 7.6 Hz, H-1 
(pyrene)); 7.91 (d, IH, y= 9.4 Hz. H-9 (pyiene)); 7.36 (d. IH, J= 8.2 Hz, H-A or H-5 (pyrene)); 

10 7.19-7.13 (m, 4H, AxH (phenyl)); 6.92-6.85 (m, 4H, AiH (phenyl)); 4.04 (t, 2H, J^= 6.1 Hz, OCHi); 
3.75 (s, 3H, C^3); 2.88-2.78 (m, 6EI, COCfli, COC^CffaCO); 2.12-2.04 (m, 2H, CHaCHiCHz). 




9-Hydrozy-3-metho:qr-9-Cpyreii-l-y])thioxa]itene. l-Bronsopyiene (1.12 g, 4.00 mmol) was 
15 dissolved in THF (40 mL), cooled to -80°C, and the solution of t-BuIi in pentane (1 .4 M, 6 mL, 2.2 
mmol) was added dropwise followed by 3-methoxyxanthen-9-oiie (968 mg, 4.00 mmol) in TEIF (40 
mL). The mixture was allowed to warm to room tBnq>erati]r6 and the stirring was continued for 24 hi 
The mixture was quenched by addition of water (20 mL) and evaporated to 50 mL, and extracted 
with EtOAc (100 mL). The organic solution was washed with water (2x50 mL) and brine (50 mL), 
20 dried over Na2S04, evaporated, and the residue was chromatogr^hed on silica gel (1% EtsN in 
toluene). Yield 944 mg (53%), pink foam. NMR (DMSO-<iis): 8.92 (d, IH, J = 8.2 Hz, AxH)', 8.46 (d, 
IH, J= 8.0 Hz, AxH)', 8.24 (m, 2H, Ar^; 8.16 (m, IH, AxH)', 8.07 (m, IH, AxH); 7.99 (m, IH, AxH); 
7.75 (d, IH, J = 9.4 Hz, AiH); 7.49 (m, 2H, AxH); 7.20 (m, IH, AxH); 7.05 (d, 2H, V= 2.7 Hz, 
AxH); 6.91 (m. IH, AxH); 6.79 (m, IH, AxH); 6.68 (d, IH, J= 8.8 Hz, AxH); 6.57 (s, IH, OH); 6.51 
25 (dd, IH, V= 2.7 Hz, J= 8.8 Hz, AxH); 3.72 (s, 6H, OC/Ts). 
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l,6-Di(4-methoxybeiizoyl)pyreiie. To an ice-cooled solution of pyrene (5.06 g, 25 mmol) and 4- 
methoxybenzoyl chloride (9.20 g, 54 nsmol) in dichloromethane (150 mL) powdered AICI3 (8.00 g, 
60 mmol) was added in small portions witiain 30 min, so tiiat intemal reaction mixture temperature 
was nothigher tihan 5®C. The mixture was allowed to warm to room temperature and was left to react 

5 for 2 days, then poured on ice (300 g) and cone. HCl (50 mL). DC3^ layer was separated, and 
aqueous phase was extracted with EtOAc (2x150 mL). Combined organic layers were washed with 
5% NaHCOa (200 mL), water (200 mL), dried over CaCfe and evaporated. The residue was applied 
to a silica gel column and eluted with CHCI3 wifti 0-^10% EtOAc. Fractions containing di(4- 
methoxybenzoyl)pyrenes (several isomers) were combined, evaporated, and the residue was 

10 crystallized twice from EtOAc to give the desired compound as brownish yellow solid. Yield 440 mg 
(3.7%). NMR (CDCI3): 8.32 (d, 2H, J= 9.2 Hz, H-5,10 (pyrene)); 8.23 (d, 2H, J= 7.8 Hz, 77-2,7 
(pyrene)); 8.11 (d, 2H, J= 9.2 Hz, H-4,9 (pyrene)); 8.08 (d, 2H, J= 7.8 Hz, 77-3,8 (pyrene)); 7.88 (d, 
2H, J- 8.7 Hz, ArT? (phenyl)); 6.95 (d, 2H, 8.7 Hz, Arif (phenyl)); 3.88 (s, 6H, OCH3). 

l,6-Di[hydroxy-bis(4-methoxypheny]^metliylJpyrene. To a suspension l,6-di(4- 
15 methoxybenzoyl)pyrene (235 mg, 0.5 nomol) in dry THDF (20 mL) the solution of 0.9 M 4- 
methoxyphenylmagnesium bromide (1.45 mL, 1.0 mmol) was added in one portion under argon, and 
the mixture was refluxed for 3h, then cooled and evaporated. The residue was partitioned between 
water (200 niL) and EtOAc (200 mL); tiie organic phase was dried over N^S04, evaporated, and the 
residue was separated by coliram chromatography. The desired compound was obtained as a. 
20 yellowish solid (46 mg, 13%). NMR (DMSO-de): 8.58 (d, 2H, J= 9.4 Hz, i?-5,10 (pyrene)); 7.96 (d, 
2H, J= 8.3 Hz, /r-2,7 (pyrene)); 7.81 (d, 2H, J= 9 A Hz, H-4,9 (pyrene)); 7.30 (d, 2H, J= 8.3 Hz, iJ- i 
3,8 (pyrene)); 7.14 (d, 8H, J= 8.8 Hz, ArH (phenyl)); 6.87 (m, lOH, ArH (phenyl), OH); 3.74 (s,. 
12H,OCi/3). 
•RTcain ple 41 




1. CF3CO2H/DCM 

2. DSC / EtsN / EtOAc 



O 



6-{2-Methoxy-5-[hydroxy-<4-methoxyphenyl)-(l-pyrenyl)-methyllphe acid, tert- 

butyl ester. 
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To a stined and cooUed to -75**C mixture of 1-4M fe/f-BuLi in pentane (2.40 mL, 3.32 nsmol) and 
THF (20 mL) the solution of l-bromopyrene (467 mg, 1.66 mmol) in THF (20 naL) was added. Hie 
temperature was raised to -40**C, then lowered again to -75**C, and the solution of 3-[5-(^ert- 
bufyloxycaibonyl)pentyl]-4,4'-<iime1hoxybenzophenone (685 mg, 1.66 mmol) in THF (40 mL) was 
S added dropwise. The mixture was allowed to warm to room temperature and stirred overnight at 
ambient temperature. The solution was poured into water (150 mL), extracted with ETOAc (100 
mL). Organic layer was washed with 5% NaHCQs (2x150 mL), water (100 mL), dried over Na2S04, 
and evs^orated. The residue was purified by column chromatogrs^hy (toluene). Yield 750 mg (73%), 
yeUowish foam. NMR (DMSO-de): 8.61 (d, IH, J= 9.6 Hz, HAO (pyrene)); 8.24 (d, IH, J= 7.1 Hz), 

10 8.17 (m, IH) (ir-6,8 (pyrene)); 8.11 (m, 2H, (pyrene)); 8.08 (m, IH, H-2 or H-3 (pyrene)); 

8.02 (t, IH, J= 7.6 Hz, H-7 (pyrene)); 7.90 (d, IH, J= 9.6 Hz, H-9 (pyrene)); 7.36 (d, IH, J= 8.2 
Hz, JI-3 orH-2 (pyrene)); 7.16 (d, 2H, J= 8.8 Hz, H-T\&y, 7.08 (d, IH, ^^^=2.3 Hz, H-IJ, 6.93 (dd, 
IH, 8.6 Hz, V= 2.3 Hz, H-&)\ 6.87 (d, 2H, J= 8.8 Hz, /f-3",5'0; 6.86 (d, IH, J= 8.6 Hz, 
0 6.82 (s, IH, OH)\ 3.76 (s, 3H), 3.74 (s, 3H) (OCfla); 2.45 (m, 2H, ArC/Ta); 2.01 (t, 2H, J= 7 A Hz, 

15 COCH2); 1.46-1.36 (m, 4H, ArCH2Ci/2CH2C£r2); 1.35 (s, 9H, CCH3); 1.12 (m, 2H, ArCH2CH2Ci?i). 

6-{2-Metho3gr-5-[hydroxy<4-methoxyphenyO-(l-pyrenyO-methyq acid, iV- 

oxysacclnimide ester. 

To a stirred solution of teit-butyl ester of 6-{2-methoxy-5-tbydroxy-(4-methoxyphenyl><l-pyrenyl)- 
methyl]phenyl}hexanoic acid (730 mg; 1,19 mmol) in dry DCM (5 mL) trifluoroacetic acid (5 mL) 

20 was added in one portion and the mbcture was stirred at ambient tenogperature for 3 h, then evaporated, 
and co-evaporated with DCM (3x20 mL) to give ftee acid. Product were dissolved in THF (40 mL), 
and triethylamine (495 pL, 3,57 mmol) and JV^iNT-disucciniinidyl carbonate (460 mg, 1.79 nmioiy 
were added and the mixture was stirred overnight, then evaporated, dissolved in EtOAc (100 mL), 
washed with 5% NaHCC^ (50 mL) and water (50 mL), dried over Na2S04, evaporated, and the 

25 residue was purified by column chromatography (0— >20% EtOAc in toluene). Yield 520 mg (67%), 
^ yellowish amorphous solid. 6-{2-Methoxy-5-|Thydroxy-(4"methoxyphenyl)-(l-pyrenyl>- 
mefliyl]phenyl}hexanoic acid, JV^oxysuccinimide ester. NMR (DMSO-Je): 8.61 (d, IH, J= 9.6 Hz, 
HAO (pyrene)); 8.24 (d, IH, J = 7.1 Hz, AxH (pyrene)); 8.20-^.06 (m, 4H, ArH (pyrene)); 8.02 (t, 
IH, /= 7.6 Hz, H-7 (pyrene)); 7.90 (d, IH, J= 9.6 Hz, H-9 (pyrene)); 7.36 (d, IH, J= 8.2 Hz, AiH 

30 (pyrene)); 7.16 (m, 2H, £r-2",6^); 7.10 (d, IH, V= 2.3 Hz, H-2'); 6.92 (dd, IH, J- 8.7 Hz, V= 2.3 
Hz, H-6'); 6.87 (d, 2H, J= 8.9 Hz, iy-3",5'0; 6.85 (d, IH, J= 8.7 Hz, /f-5'); 6.81 (s, IH, OH); 3.76 
(s, 3H), 3.74 (s, 3H) (OCH^); 2.80 (s, 4H, COCH2CH2CO); 2.48 (m, 2H, ArC/&, COC/fc); 1.52 (m, 
2H), 1.45 (m, 2H), 1.23 (m, 2H) ArCHiCffcC/^iCiya). 

Ar^/Ai^ - 2-Pyrenyl 
35 Exanq)le 42 

2-Bromopyrene was prepared according to published procedure (Harwey KG. et al., Synth. 
Commun., 18(18), 2207-2209 (1988). 
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6-{2-Methoxy-5-Ihydroxy-(4-methoxyphenyO-(2-pyrenyl)-me^^^ acid, tert- 

butyl ester. 

To a stirred and cooled to -75X inixture of 1.4M te/t-BuLi in pentane (1.70 mL, 2.35 mmol) and 
^ 5 THF (15 mL) the solution of 2-bromopyrene (326 mg, 1.16 mmol) in THF (15 mL) was added. The 
temperature was raised to -40^C, then lowered again to -75**C, and the solution of 3-[5-(?er^- 
butyloxycarbonyl)pentyl]-4,4'-dimethoxybenzophenone (480 mg, 1.16 mmol) in THF (30 mL) was 
added dropwise. The mixture was allowed to warm to room temperature and stirred overnight at 
ambient temperature. The solution was poured into water (150 mL), extracted with ETOAc (100 
10 mL). Organic layer was washed with 5% NaHCOa (2x100 mL), water (100 mL), dried over NaiSOA, 
and ev^orated* The residue was purified by column chromatography (toluene). Yield 450 mg (63%), 
yellow foam. 

d-{2-Methoxy-5-[hydroxy-<4-methoxyphenyl)-(2-pyrenyO-methyllphenyl}hexM acid, iV- 
oxysuGcimimde ester. 

15 To a stirred solution of te/t-butyl ester of 6-{2-methoxy-5-|liydroxy-<4-methoxyphenyl)-(2-pyrenyl)- 
methyl]phenyl}hexanoic acid (400 mg; 0.651 mmol) in dry DCM (5 mL) trifluoroacetic acid (5 mL) 
was added in one portion and the mixture was stirred at ambient temperature for 3 h, then evaporated, 
and co-evaporated with DCM (3x15 mL) to give firee acid. Product were dissolved in THF (30 mL), 
and triethylamine (280 jiL, 2.00 mmol) and JV,Ar-disuccininiidyl carbonate (250 mg, 0.973 mmol) 

20 were added and the mixture was stirred overnight, then evaporated, dissolved in EtOAc (100 mL), 
washed with 5% NaHCOa (40 mL) and water (40 mL), dried over Na2S04, evaporated, and the 
residue was purified by column chromatography (0-^20% EtOAc in toluene). Yield 162 mg (38%), 
yellowish amorphous solid 

Arl/Ar2 == 4-Pyrenyl 
25 Fyam ple A% 

4-Bromopyrene was prepared as described from i;2,3,6,7,8-hexahydropyrene (JOC, 44 (1979), No. 
13, 2158-2160) 
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4-Bromo-l,2,3,6,7,8-hexahydropyrene. 

To a suspension of 1,2,3,6,7,8-hexahydropyrene (6.06g, 29.1 mmol) in AcOH (75 mL) a solution of 
bromine (1.57 mL, 30 mmol) in AcOH (75 mL) was added dropwise within 1 h. The mixture was 
5 kept at room temperature for 30 min, then heated to lOO^^C (the precipitate dissolves), then cooled 
and diluted with water (75 mL). The solid was fQtered off and dried. Yield ca 90%. 

4-Bromopyrene. To a solution 4-bromo-l,2,3,6,7,8-hexaIiydropyrene (2.01 g, 7.0 mmol) in toluene 
(135 mL) DDQ (5.30 fe 23 mmol) was added in one portion, the flask was flushed wifli argon and the 
mixture was refluxed for 20 trti'n^ then cooled and filtered. The solution was washed with 10% NaOH 
10 (30mL), water (50 niL), and dried over CaCk, then evaporated and the residue was flash 
chromatographed on silica gql in toluene. Yield 1.14 g (58%). 




1.CF3CO2H/DCM 

ZDSC/EtaN/EtOAc 




6-{2-Meflioxy-5-Ihydroxy-<4-mettioxyphenyO-(4-pyrenyO-m acid, tert- 

bulyl ester. 

15 To a stiired and cooled to -75"C mixture of 1.4M fe/f-BuLi in pentane (2.40 mL, 3.32 mmol) and 
THF (20 mL) Ihe solution of l-hromopyrene (467 mg, 1.66 mmol) in THF (20 mL) was added The 
ten5)erature was raised to -40**C, then lowered again to -75**C, and the solution of 3-[5-(teif- 
butyloxycai*onyl)pentyl]-4,4'-Kiimefhoxybeiizophenone (685 mg, 1.66 mmol) in TBDF (40 mL) was 
added dropwise. Hie mixture was allowed to warm to room temperature and stirred ovemi^t at 

20 ambient temperature. The solution was poured into water (150 mL), extracted with ETOAc (100 
mL). Organic layer was washed with 5% NaHCOa (2x150 mL), water (100 mL), dried over Na2S04, 
and evaporated. The residue was purified by column chromatography (toluene). Yield 610 mg (60%), 
yeUow foam. NMR (DMSO-de): 8.66 (d, IH, /= 8.0 Hz, H-3 (pyrene)); 8.25 (dd, IH, 7.1 Hz, V 
= 1.6 Hz, H-6 or H-S (pyrene)); 8.16 (d, IH, J= 7.1 Hz, HA (pyiene)); 8.14 (m, 2H, J= 9.1 Hz, 

25 9,10 (pyiene)); 7.99-7.93 (m, 2H, i7-7, ^-8 or ^-6 (pyrene)); 7.80 (t, IH, J= 7.9 Hz, H-2 (pyrene)); 
7.42 (s, IH, H'S (pyrene)); 7.26 (d, 2H, J= 8.2 Hz, /f-2",6"); 7.18 (m, IH, H-2'); 7.03 (d, IH, J= 8.2 
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Hz, 6.88 (d, 2H, 8.2 Hz, JT-3",5"); 6.86 (d, IH, J= 8.7 Hz, 6.76 (s, IH, Ofl); 3.76 (s, 
3H), 3.75 (s, 3H) (OCJya); 2.46 (m, 2H, ArC/fe); 2.03 (t, 2H, J= 7.4 Hz, COM); 1-47-1.35 (m, 4H, 
ArCHiCfliCHiCfli); 1.34 (s, 9H, CCfl^); 1.13 (m, 2H, ArCHzCHiCffz). 

6-{2-Methoxy-5-[hydroxy-(4-methoxyphenyO-(4-pyrenyO^ acid, iV- 

5 oxysuccinimide ester. 

To a stirred solution of fer^-butyl ester of 6-{2-methoxy-5-|>ydroxy-(4-methoxyphenyl)-(4-pyrenyl)- 
methyl]phenyl}hexanoic acid (600 mg; 0.976 mmol) in dry DCM (5 mL) trifluoroacetic acid (5 mL) 
was added in one portion and the mixture was stirred at ambient temperature for 3 h, then evaporated, 
and co-evaporated with DCM (3x20 roL) to give free acid. Product were dissolved in THF (40 mL), 

10 and triethylamine (410 jxL, 2.93 mmol) and iV^'-disuccinimidyl carbonate (375 mg, 1.46 mmol) 
were added and the mixture was stirred overnight, then evaporated, dissolved in EtOAc (100 mL), 
washed with 5% NaHCOa (50 mL) and water (50 mL), dried over Na2S04, evaporated, and the 
residue was purified by column chromatography (0— ^20% EtOAc in toluene). Yield 230 mg (36%), 
yellowish amorphous solid. 6-{2-Methoxy-5-[hydroxy-(4-methoxyphenyl)-(4-pyrenyl)- 

15 mefliyl]phenyl}hexanoic acid, JNT-oxysuccinimide ester. TSfMR (DMSO-rfe): 8.67 (d, IH, 8.0 Hz, 
H'Z (pyrene)); 8.24 (dd, IH, J= 6.6 Hz, V= 1.8 Hz, if-6 oxH-% (pyrene)); 8.17 (d, IH, J= 7.6 Hz, 
H'\ (pyrene)); 8.14 (m, 2H, iy-9,10 (pyrene)); 7.96 (m, 2H, ff-7, /y-8 or H-e (pyrene)); 7.81 (t, IH, J 
- 7.9 Hz, (pyrene)); 7.44 (s, IH, H-S (pyrene)); 7.27 (d, 2H, •/= 8.2 Hz, H-T\G')\ 7.20 (m, IH, 
H-T)i 7.05 (m, IH, H-6y, 6.89 (d, 2H, 8.9 Hz, /f-3",5"); 6.87 (d, IH, 8.6 Hz, /r-5'); 6.77 (s,; 

20 IH, OH)\ 3J7 (s, 3H), 3.75 (s, 3H) (OCffa); 2.79 (s, 4H, COCffaCHiCO); 2.49 (m, 2H, AxCH2i 
COCfiz); 1.53 (m, 2H), 1.45 (m, 2H), 1.23 (m, 2H) ArCHzCJZiCfliC/fc). 

Arl/Ar2 = cyclopropyl 
Kxam ple 44 



MgBr 

OMe Cl^^ r \ V /THF 

AICI3/DCM ^ (Q ^^^^^^^ C^'^- 





•l^ T U^O^^^^ MeC" ""OMe^ "OMe 

25 4-Chloro-4*-methoxybutyrophenone. To a stirred, ice cooled solution of anisole (5.41 g, 50 mmol) 
and 4-chlorobutyryl chloride (7.8 g, 55 mmol) in dry DCM (200 mL) anhydrous AICI3 (7.60 g, 57 
mmol) was added within 1 h n:iaintaining the temperature below 5'*C. The mixture was allowed to 
warm to 1 5*C (2 h), and then was poured on ice (300 g). Cone. HCl (10 mL) was added, the organic 
layer was s^arated, washed with 5% NaHCOa (200 mL),dried over CaCl2, and evaporated. The 

30 residue was purified by column chromatogrq>hy in toluene to give the desired ketone as a colourless 
oil which solidifies on storage (9.55g, 90%). ^ 

CycIopropyI-(4-methoxyphenyl)-ketone. To a solution of 4-chloro-4'-methoxybutyrophenone (2.13 
g, 10 mmol) in dry THF (50 mL) potassium tort-butoxide (1.23 g, 11 mmol) was added and the 
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mixture was refluxed for Ih, thea cooled and eyporatsd. The residue was dissolved in EtOAc (100 
mL), washed witb 5% citric acid (50 mL) and water (50 mL), dried aver CaCU, and evaporated. Hie 
residue was purified by column chromatogr^hy in toluene to give the desired ketone as a colourless 
crystalline soUd (1.34g, 76%). 

5 (2,4-DimethoxyphenyI)-cyclopropyl-(4-methoxyphenyl)-nietlianol. To a solution of cyclopropyl- 
(4-methoxyphenyl)-ketone (176 mg, 1.0 mmol) in dry IHF (10 mL) 0.5 M 2,4- 
dimethoxyphenylmagnesium bromide in THF (2.5 mL, 1.25 mmol) was added dropwise within 15 
min via a suringe under Ar. The mixture was kept at anibient temperature for 3h. TLC (3% ElOAc in 
toluene showed the starting comiwund is consumed. The mixture was quenched by addition of water 

10 (1 mL) and evaporated. The residue was dissolved in EtOAc (100 mL), washed with 5% NaHCXDs 
(2x50 mL), dried over NaHCOs and ev^Kirated. The desired confound was isolated by column 
chromatogr^hy on siUca gel (0->l% EtOAc in tohiene). Yield 302 mg (96 colourless crystalline 
solid 

Ar'/Ar' = Phenyl 

15 T^vample 45 

Example 24 relates to compounds 24a, 24b and 24c in \\iuch Ar* and Ar^ ate phenyl groups. 

Ar^/Ai^ = 9-acridinium 
Rxam ple 46 

Example 28 relates to compound 28c in whidi Ar* and Ar^ is a 9-acridinium group. 

20 Ar'/Ar^ = 4-Aza-8J2-^ioxa-4,8J2J2c-te^al^drodibenzo[cd^Jj0^enium 
Example 47 



4-[4-(5-tert-Butyloxycarbonylpentyn-l-yI)phenyll-4-ara-8,12-dioxa-4,8,12,12c- 
25 tetrahydrodibenzo[c4»i«]pyremum tctraflnoroborate. To a solution of 4-(4-iodophenyl)-4-aza- 
8,12-dioxa-4,8,12,12c-tetrahydrodibenzo[aimn]pyrenium tetrafluoroborate (34 mg, 0.06 mmol; see 
Exanq>le RFG9 in Section 2) in DMF (2.0 mL) tert-butyl 5-hexynoate (42 mg, 0.23 mmol), 
triethylamine (20 pL, 0.13 mmol), Pd(PPh3)4 (14 mg, 0.012 mmol) and Cul (10 mg, 0.04 mmol) were 
added, and the reaction mixture was stirred for 24 h at room tati5)erature under Ar. Hie reaction was 
30 monitored by TLC in 25% MeOH m DCM. Tlien the mixture was diluted with ether (15 mL), the 
precipitate was filtered off and purified by preparative TLC ehited with 20% MeOH m CHCfe. Yield 




47a 



47b 
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19 mg (52%). NMR (DMSO-de): 8.28 (t, IH, /= 8.5 Hz. H-IO); 8.25 (1^ 2H, J= 8.5 Hz, H-2,6)', 7.91 
(d, 2H, J= 8.5 Hz, ArH(C6H4)); 7.74 (d, 4H, J= 8.5 Hz, i?-l,7,9,ll); 7.67 (d, 2H, J= 8.5 Hz, AiH 
(C6H4)); 6.93 (d, 2H, J'= 8.5 Hz, H-3,S); 2.56 (t, 2H, J= 7.1 Hz), 2.42 (t, 2H, 7.4 Hz), 
(CHiCa^CHi); 1.83 (m, 2H. CHjCHiCHz); 1.43 (s, 9H, CJ^a). 

5 Ar'/Ai^ = Thioxanthen-9-yl 
P;yam p1e 48 




3-[4-(9-Hydr«xytIiioxaiithen-9-yl)plienyl] propionic acid, AT-oxysucdniiiiide ester was prepared 
from alkyi orliioester and iMoxanthone. NMR (DMSO-de): 8-02 (d, 2H,J = 7.8 Hz, AxH 
10 (tiuoxanthene)); 7.46-7.38 (m, 4H, AxH (tiiioxanthene)); 7.35-7.28 (m. 2H, AriJ (thioxanthene)); 
7.07 (d, 2H, J= 8.2 Hz, Arff (phenyl)); 6.78 (m, 2BI, Arff (phenyl)); 5.75 (s, IH, OH)\ 2.93-2.86 (m, 
2H, ArCHz); 2.85-2.74 (m, 6H, ArCHjCffa, COCH2CH2CO). 

A byproduct, 2,2-bis(9-{4-[2<N-succiiiimidyloxycarbonyI)ethyllphenyl}fliioxanthen-9- 
yloxymefliyl)propanol, was isolated and its structure was confirmed by NMR (DMSO-de): 7.39 (d, 
15 4H, 7 = 7.8 Hz, ArH); 7.30-7.23 (m, 8H, ArH); 7.18-7.05 (m, 12H, AiH); 435 (t, IH, = 4.9 Hz, 
OH); 3.33 (m, 2H, CffjOH); 2.97-2.85 (m, 2H, A1CH2CH2, HOCHaCC/fc); 2.80 (s. 8H, 
COCffeCffzCO), 0.93 (8, 3H, CH3). 

Ar'/Aj^ = Xanthen-9-yl 
Kvflm ple 49 

20 3-[4-(9-Hydroxy-6-meflioxyxaiithen-9-y0phen^l propionic add, iV-oxysucdnimide ester (49a) 
was prepared from alkyl orlhoester and xantfaone as described above. NMR (pySSO-di): 8.02 (d, 2H, 
/= 7.8 Hz, Arff (Ihioxandiene)); 7.46-7.38 (m, 4H, Arff (tMoxanthene)); 7.35-7.28 (m, 2H, Arff 



-79- 



(thioxanthene)): 7.21 (d, 2H, = 8.2 Hz, Arff (phenyl)); 6.92 (m, 2H, AxH (phenyl)); 5.75 (s, IH, 
Ofl); 3.41 (s, 3H, OCH3), 2.93-2.86 (m, 2H, ArCifc); 2.85-2.74 (m, 6H, ArCHaCi^i, 
COCfliCffeCO). 

Ar^/Ai' = Thiophen-2-yl 

5 P-yaniplB SO 




4,4»-Bis[3-(tert-bu<ylosycarbony0propoxylbeiizophenone. Soduim (1.15 g, 50 mmol) was 
dissolved in MeOH and the resulting solution of MeONa was added to a solutiLon of 4,4'- 
^ydcoxybesDzapbsxioaBi (4.24 g, 20 mmol) in metiianol (50 mL). The mixture was evaporated to 

10 dryness, Ihe residue was dissolved in HMPA (30 mL) and «eit-butyl 4-chlorobutyrate (8.04 g, 45 
mmol) was added in one portion. The mixture was heated at 100»C for 5 h, then cooled, diluted with 
water (300 ihL) and extracted wifli EtOAc (2x200 mL). The combined organic layers were washed 
with water (5x100 mL), dried over NazSOA, and evaporated. The residue was chromatographed on 
silica gel in 2-»-5% EtOAc in toluene to give the desired compound as white crystalline solid, mp 

15 92°C. Yield 5.49 g (55%). NMR (DMSO-Je): 7.69 (d, 4H, J= 8.8 Hz, AxH); 7.05 (d, 2H, J= 8.8 Hz, 
ArH); 4.08 (t, 4H, J= 6.4 Hz, OCffa); 2.38 (t, 4H. J= 7.3 Hz, COC/fj); 1.97 (m, 4H, CH2Cff2CH2); 
1.41 (s, 18H, CH3). 

Tliiophen-2-3i4>is{4-[3K<^-butylo^carbony0propoxy]phen3i>me*hanol. To a stirred solution 
of 4,4'-bis[3-(ferf-butyloxycarboxy)propoxy]benzophenone (2.49 g; 5.0 mmol) in dry THF (50 mL) 

20 1.0 M 2-thienyhnapiesium bromide (7.5 mL, 7.5 mmol) was added in one portion under nitrogeae, 
and the mixture was kept at ambient temperature overnight (monitoring by TLC in EtO Ac-toluene 
1:9). After addition of water (10 mL) the reaction mixture was evaporated, dissolved in EtOAc (200 
mL) and washed with 5% NaHCOs (3x100 mL). The solution was dried over NaaSOA, ev^orated, 
and chromatographed on silica gel in toluene with 1.0% of EtsN to give the desired compound as a 

25 violet oil. Yield 2.86 g (98%). NMR (DMSO-d^): 7.40 (m, IH, H-5 (thiophene)); 7. 1 5 (d, 4H, J= 8.9 
Hz, Axff (phenyl)); 6.93 (m, IH, H-4 (thiophene)); 6.83 (d, 4H, J= 8.9 Hz, AiH (phenyl)); 6.61 (m, 
IH, H-3 (thiophene)); 6.52 (s, IH, OH); 3.94 (t, 4H, y= 6.3 Hz, OC^); 2.35 (t, 4H, J= 7.3 Hz, 
COCffz); 1.91 (m, 4H, CHzCHiCHz), 1.39 (s, 18H, CCH3). 
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2-TMenyI-4%4"-bisI3-(iV-sttcciiuiiu To a stirred solution 

of 2-1^uenyl■4^4''-bis[3-(terf-butyloxycarbonyl^ (2.50 g; 4.29 mmol) in 

5 dry DCM (5 xnL) trifluoroacetic acid (5 mL) was added in one portion and the mixture was stirred at 
ambient tenq>erature for 3 h, then evaporated, and co-evaporated witii DCM (4x50 mL) to give free 
acid Product were dissolved in DCM (50 mL), and Iriethylamine (1.2 mL, 8.6 mmol) and NJ^- 
disuccinimidjd carbonate (1.65 g, 6.4 mmol) were added and the mixture was stirred overnight, then 
evaporated, dissolved in EtOAc (150 mL), washed with 5% NaHCOs (100 mL) and water (100 mL), 

10 dried over NaiSOA, evaporated, and the residue was purified by column chromatography (10->50% 
EtOAc in toluene). Yield 2.05 g (72%), pink amorphous solid. NMR (DMSO-cfe): 7 41 (m, IH, H-5 
(thiophene)); 7.16 (d, 4H, / = 8.8 Hz, AxH); 6.93 (dd, IH, J^^ = 4,8 Hz, Js^a = 3.7 Hz, Hr4 
(thiophene)); 6.87 (d, 4H, J= 8.8 Hz, ArH); 6.63 (m, IH, H-3 (thiophene)); 6.54 (s, IH, OH); 4.03 ,(t, 
4H, J= 6.2 Hz, OCH2); 2.87-2.78 (m, 12H, COC/fa, COCi/zCffzCO); 2.07 (m, 4H, CHaCiJaCHa).;;. 

15 Arl/Ar2^2-Naphthyl 
Example 52 



o 




ca 



MgBr 




MoO OMe 

Bis-4-methoxyphen]i-2-naphthyl]nethanoI. To a solution of 4,4'-dimethoxybenzophenone (2.420 
g, tO:0 mmol) in THF (35 mL) 0.5 M solution of 2-naphthylmagnesium bromide in THF (22.0 mL, 

20 11 mmol) was added in one pcation. The mixture was kept at ambient temperature overnight, then 
quenched with water (1 mL), evaporated, the residue was partitioned between witii saturated 
NaHCOa solution (150 mL) and EtOAc (150 mL). The organic layer was washed witii water (2x100 
mL) and dried over NaiSOA. The residue was chromatographed on silica gel in gradient of EtOAc in 
toluene (0 to 10%) with addition of 1% of EtaN. Yield 2.95 g (80%), a vdiite soUd. NMR (DMSO- 

25 ck): 7.S6 (m, IH, H-5 or H-8 (naphthalene)); 7.81 (d, IH, J= 8.7 Hz, H^ (naphtiialene)); 7.79 (m, 
IH, H-8 or H-5 (n^htiialene)); 7.64 (br.s, IH, H-1 (naphtiialene)); 7.47 (m, 2H, H-6,7 
(n^hflialene)); 7.41 (dd, IH, J= 8.7 Hz, V= 1.9 Hz, H-3 (nq)htiialene)); 7.14 (d, 4H, J= 8.8 Hz, 
Arff (C^Hj)); 6.86 (d, 4H. J= 8.8 Hz. Arff (CsHj)); 6.34 (s, IH, OH); 3.73 (s, 6H, CHz). 
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Subsdtuent Grou^ A 



A = thiomethyl 
K-gflTYiple 53 



SMe SMe 




5 l.(2-{4-[Hydroxy-bis(4-methyltlnopheayl)methyl]phenyl}ethyO-4-m 

trioxabicycloI2.2.2]octane. To a stirred and cooUed to -70«C mixture of TEIF (20 mL) and 0.9M 
BuLi in hexane (7.0 mL, 6.3 mmol) ifae solution of l-[2-(4-bromophenoxy)etiiyl]-4-meliiyl-2,6,7- 
trioxabicyclo[2.2.2]octane (1.566 g, 5.0 mmol) in THF (50 inL) was added diopwise wifliin 30 min. 
The mixture was then stirred ftjt 30 min, and Ihe solution of 4,4'-dimefliylthiobenzophenone (1.372 

10 g, 5.0 mmol) in THF (50 mL) was added dropwise within 30 min. The mixture was allowed to warm 
to room ten5)erature and stirred ovetnig^it at ambient temperature. The solution was ev^orated to 
dryness, tiie residue was dissolved in EtOAc (200 mL) witii few drops of triethylamine, washed with 
5% NaHCOa (2x200 mL), water (2x200 mL), dried over Na2S04. and evirated. The residue was 
dissolved in toluene containing 1% EtsN (10 mL) and chromatogr^hed on a siUca gel column. The 

15 column was eluted with stepwise gradient 2-»2.5->3.5->4.0->4.5-»-5.0% MezCO in toluene 
containing 0.5% EI3N. The desired product wasrcnniraiBd in petroleum ether filtered off and dried in 
vacuo. Yield 1.249 g (49.1%), amorphous soUd- Rf 0.53 (toluene-EtOAc, 4:1). NMR (DMSO-c^s): 
7.20-7.05 (m, 12H, ArH); 6 30 (s, IH. OH)\ 3.84 (s, 6H, CffcO); 2.63 (m. 2H, ArCffa); 2.44 (s, 6H, 
SCffj); 1.81 (m, 2H, ArCHzCffe); 0.76 (s, 3H, CCH3). 

20 3-{4-p[ydro^-bis(4-methyMWophcnyl)mefliyl]phenyl}propiomc add, iV-oxysucdnimide ester. 
l_(2-{4-|Hydroxy-bis(4-methylMophenyl)me1hyl]phenyl}ethyl)-4^ethylA^ 
[2.2.2]octane (1.08 g, 2.0 mmol) was dissolved in tiie THF-water mixture (19:1, lOmL), and 
trifluotoacetic acid (0.08 mL, 1 mmol) was added. After stirring fiir 10 min tiie mixture was 
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evaporated, the residue was dissolved with EtOAc (200 mL), washed wilii 5% NaHCOs (100 mL) 
aad water (2x100 mL), dried over Na2S04, evaporated, and chromatogr^hed on siUca gel column in 
10 40% MezCO in toluene to give 3-{4-[hydroxy-bis(4- 

methylliiiophenyl)mefliyl]plienyl}propionic acid 2-liydroxymethyl-2-methyl-3-hydroxypropyl ester 
5 as a colorless oil. yield 895 mg (85%). NMR (DMSO-dg): 7.20-7.07 (m, 12H, ArH); 6.32 (s, IH, 
frityl OH); 4.43 (m, 2H, CHzO^; 3.87 (s. 2H, C/faOCO); 3.24 (m, 4H, CffjOH); 2.84 (m, 2H, 
ArCffz); 2.62 (m, 2EI, CH^O); 2.44 (s, 6H, SCH3); 0.74 (s, 3H, CCffs). The ester was dissolved in 
10% NaOH in ethanol-water (8:2, lOmL), stirred overnight, Ihen ev^orated, coevaporated with 
water (2x50 mL), dissolved in water (100 mL), washed with ether (2x100 mL), and then acidified 
10 with solid citric acid to pH 4. The reaction mixture was extracted with EtOAc (2x100 mL), the 
combined organic layers were washed with water (50 mL), dried over NazSOA and evaporated to 
dryness. The resulting 3-{4-[hydroxy-bis(4-methyltMophenyl)methyl]phenyl}propionic acid was 
obtained as a colorless oil, 637 mg (88%). NMR (DMSO-tfe): 12.09 (s, IH, COafl); 7.20-7.08 (m, 
IZH, ArH); 6.32 (s, IH, trityl OH); 2.81 (m, 2H, ArCi^s); 2.52 (m, 2H, CH2CO); 2.44 (s, 6H, SCH3). 
15 This was dissolved in anhydrous DCM (20 mL) and triethylamine (0.35 mL, 2.5 mmol) and NJT- 
disuccinimidyl carbonate (512 g, 2.0 mmol) were'added and the mixture was stirred until the reaction 
is complete (monitoring by TLC in toluene-EtOAc, 1:1), tiien evaporated, dissolved in EtOAc (200 
mL), washed with 5% NaHCOs (100 mL) and water (100 mL), dried over Na2S04, evaporated, and 
the residue was purified by column chromatography (5 to 10% EtOAc in toluene). Yield 542 mg 
20 (69%), white crystalline soUd, mp 137°C. R{ 0.36 (toluene-EtOAc, 4:1). NMR (DMSO-de): 7.24- 
7.10 (m, 12H, ArH); 6.34 (s, IH, OH); 3.02-2.91 (m, 4H, ArCHiCHz); 2.81 (s, 4H, COCffjCfliCO); 
2.45 (s, 6H, SCH3). 

3-{4-IHydroxy-bis(4-methyIthiophenyl)methyl]phenyl}propionic acid, iV-oxysuIfosuccinimide 
ester, sodium salt. The 3-{4-[hydroxy-bis(4-methyllMophenyl)-methyl]phenyl}propiomc acid (425 

25 mg, 1 .0 mmol), prepared as above, was dissolved in dry DMF (2.5 mL), then iV-oxysulfosuccinimide 
sodium salt (250 mg, 1.17 mmol) and DCC (375 mg, 1.8 mmol) were added and the mixture was left 
under stirring overnight, then cooled to 44°C and stirred for 2 h, and the precipitate formed was 
filtered off. The solution was diluted with EtOAc (10 mL). cooled to 44"C overnight, filtered, and 
diluted with dry Et20 (200 mL). The mixture was kept at ambient teirq)erature for 2-3 h and the 

30 desired compound was coUected by filtration, washed with ether and dried in vacuo. Yield 412 mg 
(66%), white soHd, R{ 0.58 (n-propanol-EtOAo-water, 8:1:1). NMR (DMSO-ds): 7.24-7.08 (m, 
12H, ArH); 6.35 (s, IH, OH); 3.94 (br., IH. CXX:^); 3.15 (hr.. IH. COCHHCHS); 3.02r-2.83 (m. 
4H. ArCHiCHz, COCHHCHS); 2.45 (s, 6H, SCJ^a). 
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A = dialkylamino 

Ttvamptf. 54 

NMe2 




4-{4-[Hydro^K4-dimeft3iaininophenylH4-methoxypheny]^-m^ acid, 
5 tert-\ijx!ts\ ester. To a stirred solution of 4-[3-(^ert-butyloxycarbonyl)propoxy]-4'- 
methoxybenzophenone (1.48 g; 4.0 mmol) in dry THF (30 mL) 0.5 M 4- 
dimethylaminophenylmagnesiuni bromide (10.6 mL, 5.0 mmol) was added in one portion under Ar, 
and the mixture was kept at ambient temperature overnight (monitoring by TLC in EtOAo-toluene 
1:9). The reaction was diluted witb water (200 mL) and 5% NaHCOa (100 mL), and extracted with 
10 EtOAc (2x100 mL). The organic phase was dried overNa2S04, evaporated, and chromatographed on 
silica gel in toluene with 1.0% of EtsN to give the desired compound as a colourless oil. Yield 1.514 
g (77%). NMR (DMSO-rfe): 7.07 (m, 4H, AxH); 6.95 (d, 2H, 8.8 Hz, AxH); 6.81 (m, 4H, ArH); 
6.62 (d, 2H, J= 8.8 Hz, AxH); 5.91 (s, IH, OH); 3.94 (t, 2H, J= 6.3 Hz, OCi^j); 3.72 (s, 3H, OCHi); 
2.85 (s. 6H, NCH3); 2.35 (t, 2H, J^= 7.3 Hz, COCH2); 1.91 (m, 2H. CH2CH2CH2), 1.40 (s, 9H, 
15 CCHi). 

4-{4-[Hydroxy-(4-dimettiylaininophenyl)-(4-methoxyphenyI>methyl]phenoxy>but^ acid, 
iV-oxysucciniinide ester. To a stirred solution of tert-butyl 4-{4-[hydroxy-(4-dhnetiiylaminophenyl)- 
(4-methoxyphenyl)-methyl]phenoxy}butanoate (983 mg; 2.0 mmol) in dry DCM (3 mL) 
trifluoroacetic acid (3 mL) was added in one portion and the mixture was stirred at ambient 

20 temperature for 1 h, then evaporated, and co-evaporated witii DCM (4x50 mL) to give the desired 
acid. This was dissolved in DCM (40 mL), water (2 mL) and EtjN (5 mL), washed witii water (2x50 
mL), dried over Na2S04, and ev^orated to dryness. The residue was dissolved in DCM (15 mL), 
triethylamine (0.7 mL, 5.0 mmol) and iVyV-disuccinimidyl carbonate (0.77 g, 3 mmol) were added 
and the mixture was stirred until the reaction is conq)lete (monitOTing by TLC in toluene-EtOAc, 

25 2:1), then evaporated, dissolved in EtOAc (100 mL), washed wife 5% NaHCOs (100 mL) and water 
(100 mL), dried with Na2S04, evaporated, and fee residue was purified by cohmin chromatography 
(10-^15% EtOAc in toluene). Yield 660 mg (62%), violet amorphous solid. NMR (DMSO-i/e): 7.07 
(m, 4H, ArH); 6.95 (d, 2H, J= 8.7 Hz, AxH); 6.82 (m, 4H, AxH); 6.62 (d, 2H, J= 8.7 Hz, ArH); 5.92 
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(s, IH, OJ3); 4.02 (t, 2H, J - 6.3 Hz, OCH2); 3.72 (s, 3H, OCH3); 2.88-2.79 (m, 12H, NC/J3, 
CHiCHiCffaCO, COCJ^iCHiCO); 2.06 (m, 2H, GHjCJ^zCHz). 



^ = methoxyl 
Example 55 



5 




(4-Dimef]iylaiiiinophenyl)-(4-methoxypheny To a stirred solution of 1- 

(4-metiioxybenzoyl)pycene (673 mg; 2.0 mmol) in dry THF (20 mL) 0.5 M 4- 
dimefhylaixiinophenylmagnesium bromide (6.0 xnL, 3.0 mmol) was added in one portion under Ar, 
aad the mixture was kept at ambient temperature overnight (monitoring by TLC in EtOAo-toluene 

10 1:9). The reaction was diluted with water (100 mL) and 5% NaHC03 (50 mL), and extracted with 
EtOAc (2x50 mL), The organic phase was dried over Na2S04, evaporated, and chromatographed on 
silica gel in 2% EtOAc in toluene with 1.0% of EtaN to give the desired compoimd as a dark green 
oil. Yield 595 mg (65%). NMR (DMSO-t/g): 8.65 (d, IH, 9.5 Hz, H-IO (pyrene)); 8.24 (d, IH, J= 
7.8 Hz, H-2 (pyrene)); 8.19-8.06 (m, 4H, /M,5,6,8 (pyrene)); 8.02 (m, IH, H-l (pyrene)); 7.89 (d, 

15 IH, J= 9.5 Hz, H-9 (pyrene)); 7.39 (d, IH, 7.8 Hz, (pyrene)); 7.15 (d, 2H, J= 8.7 Hz, Ar^ 
(phenyl)); 7.04 (d, 2H, J= 8.7 Hz, AiH (phenyl)); 6.86 (d, 2H, J= 8.9 Hz, AxH (phenyl)); 6.72 (s, 
IH, OH)i 6.66 (d, 2H, J- 8.9 Hz, AxH (phenyl)); 3.73 (s, 3H, OCH^y, 2.87 (s, 6H, NOT). 



A = sulfoxide 
Example 56 




l-{2-[4-(9-Hydroxy-3-methoxytMoxanthen-9-y0phenyI]efhyl}-4-met^^ 
trioxabicyclo[2.2.2]octane. 

To a stirred and cooled to -80**C solution of l-[2-(4-bromophenoxy)ethyl]-4-methyl-2,6,7- 
25 trioxabicyclo[2.2.2]octane (845 mg, 2.70 mmol) in THF (30 mL) 1.4M te?t-BuLi in pentane (3.86 
mL, 5.40 mmol) was added dropwise. The temperature was raised to -40*'C, then lowered again to - 
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80*'C, and the solution of 3-meflioxythioxanthone (653 g, 2.70 mmol) in THF (40 mL) was added 
dropwise. Hie mixture was allowed to warm to room temperature and stirred overnight at ambient 
temperature. The solution was evaporated to dryness, the residue was dissolved in EtOAc (150 mL) 
with few drops of triethylamine, washed with 5% NaHCOa (2x100 mL), water (2x100 mL), dried 

5 overNa2S04, and evaporated. The residue was dissolved in toluene containing 1% EtaN (10 mL) and 
chromatographed on a silica gel. The column was eluted with 10% acetone in toluene containing 
0.5% EtaN. Yield 1.14 g (94%), white amorphous solid. NMR (DMSO-ds): 7.98 (d, IH, J= 7.8 Hz, 
HS (thioxanthene)); 7.86 (d, IH, J = 8.7 Hz, H-1 (thioxanthene)); 7.42-7.36 (m, IH, H-SJ 
(thioxanfhene)); 7.29 (m, IH, /f-6 (thioxanthene)); 7.00-6.94 (m, 2H, V = 2.6 Hz, ^^-2,4 

10 (thioxanthene)); 6.93 (d, 2H, 8.0 Hz, ArH (C^)); 6.77 (d, 2H, 8.0 Hz, AxH (C^)); 6.63 (s, 
IH, OH); 3.81 (s, 6H, OCH2); 3.78 (s, 3H, OCH3); 2.52 (m, 2H, A1CH2); 1-71 (m, 2H, ArCHzC/^i); 
0.74 (s, 3H,CCi?3). 

3.[4-(9.Hydroxy-10-oxo-3-methoxyfluoxanthen-9--yl)phenyl] propionic add, iV-oxysuccinimide 
ester. 

15 l-{2-[4-(9-Hydroxy-3-methoxythioxan1iien-9-yl)phenyl]ethyl}-^ 

trioxabicyclo[2.2,2]octane (1.14 g, 2.54 mmol) was dissolved in the THF-water mixture- (4:1, 60 
niL), and trifluoroacetic acid (290 jjL, 3.82 mmol) was added. After stirring for 1 h the mixture was 
half evaporated, the residue was dissolved with EtOAc (100 mL), washed with 5% NaHCOa (100 
mL) and water (2x100 mL), dried over Na2S04 and evaporated. The residue was dissolved in EtOH 

20 (120 mL), and NaOH (1.22 g, 30.5 mmol) was added. The solution was stirred overnight at ambient 
temperature, filtered and evaporated. The residue was . dissolved in water (100 mL), washed with 
EtOAc (50 mL), acidified with solid citric acid to pH 3, and extracted with EtOAc (3x50 mL). 
Combined organic layers were dried over Na2S04 and evaporated to volume 30 mL. Triethylamine 
(1.76 mL, 13.7 mmol) and iNr,Ar-disuccinimidyl carbonate (1.95 g, 7.60 mmol) were added and the 

25 mixture was stkred mtil the reaction is complete (monitoring by TLC), then dissolved in EtOAc (50 
mL), washed with 5% NaHCOa (2x50 mL) and water (50 mL), dried over Na2S04, evaporated, and 
the residue was dissolved in ether/HaOa (10%) and stirred for an hour. Hydrogen peroxide was 
quenched, the reaction mixture was evaporated and purified by column chromatography (15% EtOAc 
in toluene). Yield 528 mg (45%), white amorphous soUd NMR (DMSO-de): 7.99 (d, IH, J= 7.8 Hz, 

30 AxH (thioxanthene)); 7.87 (d, IH, J = 8.7 Hz, HA (tMoxandiene)); 7.48 (m, 2H, Arff 
(thioxanthene)); 7.29 (m, IH, ArH (thioxanthene)); 7.07 (d, 2H, J = 8.2 Hz, AriJ (C6H4)); 7.00 (d, 
IH, J= 2.5 Hz, H-4 (thioxanthene)); 6.96 (dd, IH, J= 8.7 Hz, V= 2.5 Hz, H-2 (thioxanthene)); 6.81 
(d, 2H, J = 8.2 Hz, Arff (C6H4)); 6.67 (s, IH, O^; 3.79 (s, 3H, OCH3); 2.90 (m, 2H, ArCi^a); 2.81 
(m, 6H, COM). 
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A = fluoro 



OMe 



+ 




F 



OMe 



MeO 



MeO 




OMe 



3-Fluoro-4,4'-dimethoxybenzophenone« A mixture of 2-fluoroamsole (6.30 g, SO mmol), 4- 
methobybenzoyl chloride (9.4 g, 55 mmol) and iodine (2.0 g) was refluxed for 10 h, then cooled, and 
diluted with CHCI3 (300 mL). The solution was washed with 5% NaHCOs (2x150 mL), 5% NaHSOa 
(150 mL), and water (150 mL), dried with CaCb, and ev^orated. The residue was purified by 
column chromatogr^hy in CHCI3 and triturated m petroleum ether togive pure benzophenone as 
white solid (6.25g, 48%). Rt 0.06 (toluene), Rf 0.30 (toluene-EtOAc, 9:1), mp 135°C (petroleum 
ether). NMR (DMSO-di>): 7.73 (d, 211, J = 8.8 Hz, ArH): 7.57-7.52 (m, 2H, ArJ3); 7.31 (m, IH, 
ArH); 7.08 (d, 2H, J= 8.8 Hz, ArH); 3.94 (s, 3H), 3.86 (s, 3H) {CHz). 

The title trityl was then synthesized as described above (for exan:^le, see LI in Section 1) with a total 
yield of 12%. 



9-Hydro3cy-9-(4-methylphenyl)-6-alkoxy-thioxantene. Corresponding ketone (1.06 g) was 
dissolved in dry THF (100 mL) and 1 M solution in TEBF of 4-methylphenyhnagnesium bromide (6 
mL, 6 mmol) was added under N2 within 5 min. The workup was as above. The desired compoimd 
isolated by chromatogr^hy in toluene (+0.5 % EtsN). Fractions containing product were evaporated, 
and the residue was filtered, washed with hexane, and dried in vacuo. Yield 1.38 g (91 %), rtq) 168- 
171X. NMR (DMSO-^ie): 8.05-^.00 (m, 2H,iy-l,8 (thioxanthene)); 7.46-7.38 (m, 4H, H-IASP 
(thioxanthene)); 7.35-7.28 (m, 2H, (thioxanthene)); 6.93 (d, 2H, J - 8.2 Hz, Ar/f (phenyl)); 

6.74 (d, 2H, J= 8.2 Hz, Arff (phenyl)); 6.70 (s, IH, Oi3); 2.16 (s, 3H, CH^). 



A = methyl 
Example 58 




o 
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A =alkoxy 
P;yflTTip1e 59 




5 4,4»-Bis[3-(tert-butyIoxycarbonyl)propoxy]beiizopheiione. Sodium (1.15 g, 50 mmol) was 
dissolved in MeOH and the resiilting solution of MeONa was added to a solution of 4,4'- 
dihydroxybenzophenone (4.24 g, 20 mmol) in methanol (50 mL). The mixture was evaporated to 
dryness, the residue was dissolved in HMPA (30 mL) and ^er^-butyl 4-chlorobutyrate (8.04 g, 45 
mmol) was added in one portion. The mixture was heated at 100°C for 5 h, then cooled, diluted with 

10 water (300 mL) and extracted with EtOAc (2x200 mL). The combined organic layers were washed 
with water (5x100 mL), dried over Na2S04, and evaporated. The residue was chromatogr^hed on 
silica gel in 2— »-5% EtOAc in toluene to give the desired compound as white crystalline solid, mp 
92°C. Yield 5.49 g (55%). NMR (DMSO-de): 7.69 (d, 4H, J= 8.8 Hz, AriJ); 7.05 (d, 2H, J= 8.8 Hz, 
AiH); 4.08 (t, 4H, J= 6.4 Hz, OC/Tz); 2.38 (t, 4H, 7.3 Hz, COCfli); 1.97 (m, 4H, CHzCfliCHz); 

15 1.41 (s, 18H, C/Zs). 

4-Dimethylaminophenyl-bis{4-[3-(*err-butyloxycarbonyI)propoxy]phenyl}methanol. To a stirred 
solution of 4,4'-bis[3-(^err-butyloxycarbonyl)propoxy]benzophenone (2.49 g; 5.0 mmol) in dry THF 
(50 mL) 0.5 M 4-(JV,Ar-dimethylamino)phenylmagnesium bromide (15 mL, 7.5 rmnol) was added in 
one portion under nitrogen, and the mixture was kept at ambient temperature overnight (monitoring 

20 by TLC in EtOAc-toluene 1:4). After addition of water (10 mL) the reaction mixture was 
evirated, dissolved in EtOAc (200 mL) and washed with 5% NaHCOa (3x100 mL). The solution 
was dried over Na2S04, evaporated, and chromatographed on silica ^1 in toluene with 5% of ElOAc 
and 1% of EtaN to give the desired conqmund as pale violet oil. Yield 2.22 g (71%). NMR (DlvKO- 
Je): 7.06 (d, 4H, J= 8.7 Hz, ArH); 6.94 (d, 2H, 8.8 Hz, Atfl); 6.80 (d, 4H, J= 8.7 Hz, Ar/Q; 6.61 

25 (d, 2H, 7= 8.8 Hz, Arfl); 5.91 (br.s, IH, OH)% 3-93 (t, 2H, J= 6.2 Hz. OCfli); 2.85 (s, 6H. NClTa); 
2.34 (t, 4H, J= 7.2 Hz, COC/?j); 1.91 (m, 4H. CHzCf^iCHj), 1.40 (s, 18H, CCffa). 
4-(iV^-DimethylaminophenyO-4%4''-bis[3-carboxypropoxyltriphenylmethanol. To a stirred 
solution of 4-(7/,AMime1hylaminophenyl)-4',4"-bis[3-(tert-butyloxycarbonyl)propoxy3- 
triphenyhnethanol (1.55 g, 2.5 mmol) in dry DCM (5 mL) trifluoroacetic acid (5 mL) was added in 

30 one portion and the mixture was stirred at ambiait temperature overnight (monitoring by TLC in 
EtOAc-toluene 1:4). The solution was evaporated to dryness, and co-evjgwrated wilii DCM (4x30 
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mL) to give desired acid as daik violet oiL Yield 1.23 g (97 %)• NMR (DMSO-^): 7.49 (d, 2H, 7= 
9.6 Hz, ArH); 7.33 (d, 4H, J= 8.9 Hz, Arfl); 7.27 (d, 2H, 9.6 Hz, ArH); 7.21 (d, 4H, J= 8.9 Hz, 
Arfl); 4.18 (t, 4H, J= 6.4 Hz, OCH2); 3.46 (s, 6H, NC/Ta); 2.43 (t, 4H, J= 7.2 Hz, COC/fe); 2.01 (m, 
4H,CH2Cff2CH2). 

5 A^^^O'^CH2'^CH2 



Example 60 




2^-Di(4-bromophenyl)-l53-dioxoIane. 4,4'-Dibromobenzophenone (3.40 g, 10.0 mmol), ethylene 
10 glycol (0.84 mL, 15 mmol) and TsOH (50 mg) in toluene (200 mL) were refluxed with Dean-Stark 
apparatus for 6 h. The mixture was cooled, the solid K2CO3 (200 mg) was added and the solution was 
filtered and evaporated. The residue was purified by short column chromatography in toluene to give 
dioxolaae as a colourless oil (3.52 g, 92%). NMR (DMSO-de): 7.55 (d, 4H, 8.8 Hz, AxH); 7.26 
(d, 4H, J= 8.8 Hz, ArH); 3.92 (m, 4H, OCH2). 

15 4,4'-Di[*^0]hydroxy-benzophenone. To a stirred and cooled to -75^C solution of 2,2Hii(4- 
bromophenyl)-l,3-dioxolane (1.92 g, 5.0 mmol) in in dry THF (100 mL) 1.4 M tert-BuLi in pentane 
(12.5 mL, 200 mmol) was added dropwise under argon. The temperature was raised to -40*'C for 1 h 
and [^^0]oxygen (115 mL, 5.0 mmol) was introduced slowly by needle through a mbber septum and 
allowed to consume. After 3 h the cooling was removed and the solution was stirred overnight The 

20 mixture was quenched by water (3 mL), ev^orated, diluted with 5% HCl and refluxed for 1 h, then 
evaporated and the residue was purified by column chromatography (toluene-methanol 7:1) to give 
dihydroxybenzophenone as a white soUd. Yield 120 mg (11%). NMR (DMSO-dfe): 10.33 (br.s, 2H, 
OH), 7.70 (d, 4H, J= 8.8 Hz, ArH); 7.02 (d, 4H, J= 8.8 Hz, ArH). 

4,4'.di[*^0][^C]ethoxy-benzophenone. To a solution of 4,4'-di[^^0]hydroxy-benzophenone (109 
25 mg, 0.5 mmol) in in dry acetone (5 mL) dry K2CO3 (0.7 g, 5.0 mol) and [^^C]ethyl bromide (166 mg. 
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l.S tmnol) were added, and the mixture \vas stirred for 48 h at ambient temyperatuie, then jSltered, and 
the solid was washed with acetone. The combined jGltrate was ev^orated, and the residue was 
dissolved in CHCI3 (10 mL), jBltered, and evaporated. The residue was chromatographed on silica gel 
in 0-^% EtOAc in toluene to give desired product (120 mg, 86%). NMR (DMSOrfe): 7.78 (d, 4H, J 
5 = 8.7 Hz, Ar^; 6.95 (d, 4H, J= 8.7 Hz, ArH); 4.21 (q, 4H, 6.9 Hz, OCHi)\ 1.59 (t, 6H, J= 6.9 
Hz, CiJa). 

l-[2K4-{Hydroxy-bis[4-([^^0][^Clethoxy)phenyl]methyQ^^ 

trioxabicyclo[2.2.2]octane. To a stirred and cooled to -75''C mixture of 1.4 M /er^-BuLi in pentane 
(0.5 mL, 0.7 mmol) and TBDF (2 mL) the solution of l-[2-(4-bromophenyl)ethyl]-4-methyl-2,6,7- 

10 trioxabicyclo[2.2.2]octane (109 mg, 0.35 mmol) in THF (2 mL) was added. The temperature was 
raised to -40X, liien lowered again to -75*^0, and the solution of 4,4'-di[^^0][^^C]efhoxy- 
benzophenone (98 mg, 0.35 mmol) in THF (3 mL) via a suringe. The mixture was allowed to warm 
to room temperature and stirred overnight at ambient temperature. The solution was poured into 
water (10 mL), extracted with EtOAc (10 mL). Organic layer was washed with 5% NaHCOa (2x10 

15 noL), water (10 mL), dried over Na2S04, and evaporated. The residue was purified by column 
chromatography (3% EtOAc in toluraie). Yield 142 mg (79%). 

3-(4-{Hydroxy-bis[4-<[^^0][^^Cleflioxy)phenyl]methyl}plienyQpropioii]c add, iV-oxysuccinimide 
ester. l-[2-(4-{Hydro3Qr-bis[4-<[^^0][^^C]ethoxy)phenyl]me%l}phen^^ 
trioxabicyclo[2.2.2]octane. (128 mg, 0.25 mmol) was dissolved in the THF-water mixturel (9:1, 0.5 

20 mL), and trifluoroacetic acid (0,05 mL) was added. After stirring for 10 min the mixture was 
evaporated and diluted with 10 % NaOH in ethanol-water (8:2, 3mL). The reaction mixture was 
refluxed for 1 h, cooled, and evaporated, the residue was diluted with water (5 mL), washed with 
EtaO (2x5 mL), filtered, acidified with 5% citric acid, and extracted with etihyl acetate (2x5 mL). The 
solution was dried with Na2S04, evaporated, and the residue was dissolved in dry DCM (2 mL). 

25 Triethylamine (0.14 mL, 1 rmnol) and J\^,Ar-disuccinimidyl carbonate (128 mg, 0.5 mmol) were 
added and the mixture was stirred until Ihe reaction is complete (monitoring by TLC in toluene- 
acetone, 9:1), then evaporated, dissolved in EtOAc (10 mL), washed witii 5% NaHCOa (10 mL) and 
water (10 mL), dried with Na2S04, evaporated, and the residue was purified by column 
chromatography (5 to 20% of acetone in toluene). Yield 85 mg (65%), white amoiphous solid. 

30 XandXk Groups 

X—hydraxyl 
Example 61 
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6-{4-[Hydroxy-(4-methoxyphenyQ-phenyI-metibiyl]phenoxy}h^ add, iert-bntyl ester. To a 

stirred solution of 4-[5-(ferr-butyloxycarbonyl)peatyloxy]ben2»phenone (1-84 g; 5.0 mmol) in dry 
THF (30 mL) 1 M 4-mefhoxyphenylmagnesium bromide (7.0 mL, 7.0 mmol) was added in one 
portion imder Ar, and the mixture was kept at ambient temperature overnight (monitoring by TLC in 
EtOAc-toluene 1:4). The reaction was diluted with water (300 mL) and 5% citric acid (20 mL), and 
extracted with EtOAc (2x100 mL). The organic phase was dried over Na2S04, ev^orated, and 
chromatographed on silica gel in 0-->5% EtOAc in toluene with 0.5% of EtsN to give the desired 
compoimd as a colourless oil. Yield 1.597 g (67%). 

X ethyl ether 
Example 62 




3-{4-[Efhoxy-bis(4-methoxypheny0iiiethyl]phenyl}propioiuc acid, iV-oxysuccinimide ester. 3- 
{4-[Hydroxy-bis(4-methoxyphenyl)methyl]phenyl}propionic acid, JST-oxysuccinimide ester (978 mg, 
2.0 nomol) was dissolved in ethyl acetate (50 mL) and absolute ethanol (5 mL). Triethyl 
orthoformiate (600 mg, 4 mmol) and acetyl chloride (25 \xL) were added to the mixture and this was 
left with stirring overnight at ambient temperature. The mixture was evaporated and the residue was 
chromatographed on silica gel colimm in 30% EtOAc in toluene. Yield 724 mg (70%). 
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jr= aUyl ether 



0CH3 



0CH3 




{:=::roH 



63e 



5*-0-{4,4'-Dimethoxy-4»»-[2-(Ar-sucdi^ 

bis(4-methoxyphenyl)me1fayl]phenyl}propiomc acid, JNT-oxysuccinimide ester (1.81 g, 3.7 mmol was 
dissolved in freshly distilled AcCl (20 mL) and the mixture was refluxed (4 h), then diluted with 
hexane (50 mL) and cooled to room temperature. The trityl chloride was filtered off, washed with 
hexane, and dried in vacuo. Yield 1.42 g (76%). Hiymidine (727 mg, 3.0 mmol) was coevaporated 
with dry pyridine (2x20 mL), dissolved in pyridine (30 mL), half-evaporated, and cooled on ice balh. 
3-{4-[Cailoro-bis(4-methoxyphenyl)mefliyl]phenyl} propionic acid, JST-oxysuccinimide ester (1.42 g, 
2.8 mmol) was added in one portion with stirring, and the stirring was continued for 4 h. Hie mixture 
was warmed to room tenq>erature, diluted with CHCU (150 mL), washed with water (2x100 mL), 
dried over Na2S04, evaporated, and the residue was purified by column chromatography (elution 
with 20-^35% EtOAc in toluene, then 15-^30% acetone in EtOAc-toluene (1:2), and, finally, with 
acetone-toluene (1:1)). Yield 1.35 g (68%), white amorphous soUd. NMR (DMSO-d^): 11.3 (s, IH, 
NH); 7.50 (s, IH, H-6)\ 7.32-7.20 (m, 8H, Arfl); 6.88 (m, 4H, ArH); 6.20 (apparent t, IH, J= 6,7 
H2,H.r); 5.30(d, lH,/-4.4Hz,OfO;4.31 (m, IH, J3-3'); 3.88 (m, lH,iy-4'); 3.74 (s, 6H, OC/fa); 
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3.25-3.13 (m, 2H, /f-S'); 3.03-2.89 (m, 4H, AXCH2CH2); 2.81 (s, 4H, COCfliCfiiCO); 2,3-2.1 (m, 
2H, 1.45 (s, 3H, CCfla)- 



5'-0-{4,4'-Dimeihoxy-4''-[2-(iV-succmim 

2-cyanethoxyphospliinyQthymidme. To a solution of 5'-0-{4,4'-dimetiioxy-4"-[2-(iNr- 
5 succiniinidyloxycarbonyl)ethyl]trityl} thymidine (250 mg, 0.35 mmol) in dry DCM (10 inL) and 
DIEA (85 pL, 0.49 nmxol) 2-cyanoethyl diisopropylcMorophosphoiutoidite (54 pL, 0.49 nunol) was 
added dropwise. After 2 h the reaction mixture was diluted with CHCI3 (50 mL), washed with 
washed with water (2x50 mL), dried over NaaSO^t, evaporated, and the residue was dissolved in 
DCM (2 mL) and precipitated in hexane (200 mL). The solid was jSlteres off and dried in vacuo. 

10 Yield 310 mg, white amorphous soUd. NMR (DMSO-rfe): 8.96 (s, IH, Ni3); 7.47 (m, IH, H-6); 7.39 
(m, 2H, AxH); 7.33 (m, 4H, ArJO); 7.24 (m, 2H, AxH); 6.89 (m, 4H, ArH); 6.26 (m, IH, J= 6.7 Hz, 
H-r); 4.64 (m, IH, /f-3'); 4.12 (m, 0.5H, ^-4'); 4.07 (m, 0.5H, H-4'); 3.82-3.50 (m, lOH, OCH3, 
NCiZ, VOCH2); 3.39-3.24 (m, 2H, H-S'); 3.05-2.90 (m, 4H, AxCH2CH2)\ 2.78 (s, 4H, 
^ COCi^iCHiCO); 2.66 (m, IH, Ci^^CN); 2,54 (m, IH, C/^>CN); 2.48-2.33 (m, 2H, H-2')\ 1.54-0.88 

15 (m, 12H, 0(0/^3)2). ^^P NMR (MeCN-^ia): 149.3144, 148.2837. 

l-(4-Hydro3^atyryl)-4-hydroxypiperidme. A solution of 4-hydroxypiperidine (4.05 g, 40 mmol), 
Y-butyrolactone (6.89 g, 80 mmol) and DMAP (20 mg) in MeOH (20 mL) was refluxed jfor 48 h. The 
mixture was evs^rated, and the residue was purified on silica gel colunm (30% MeOH in CHCI3). 
Yield 5,54 g (74%), colorless oil. NMR (DMSO-de): 4.69 (d, IH, J= 4.1 Hz, CHO^; 4,41 (t, IH, J 
20 - 5.3 Hz, CH2O/O; 3.90 (m, IH, NCiJH); 3.67 (m, 2H, CM)H, NC/ZH); 3.39 (m, 2H, Ci^zOH); 3.12 
(m, IH, NCHfl); 2.96 (m, IH, NCHfl); 2.31 (t, 2H, J= 7.4 Hz, COC^s); 1.72 (m, IH, NCHzCfZH); 
L63 (m, 3H, CHzCHiCHz, NCH2GHH); 1.31 (m, IH, NCH2C3EIfO; 1.21 (m, IH, NCHzCHfl). 

l<4-{4,4'-Dimethoxy-4^-[2-<iV-succnii^ 

hydroxypiperidme. l-(4-Hydroxybu1yryl)-4-hydro7i7piperidine (169 mg, 0.90 mmol) was triiylated 
25 with JV-oxysuccinimide ester of 3-{4-[chloro-bis(4-methoxyphenyl)mefhyl]phenyl} propionic acid 
^ (300 mg, 0.65 nmiol) in pyridine as above. The product was eluted with 30% acetone in toluene. 
Yield 140 mg (33%), white amorphous solid. 

l.(4.{4,4'-Dunethoxy-4''-[2-(iV-succiniiiddyloxyc 

(diisopropylanuno-*2H:yanefhoxyphosphmyloxy)piperi^ l-(4-{4,4'-Dimethoxy-4'-[2-(iV- 
30 succinimictylQxycaibonyl)ethyl]trityloxy}bu1yryl)-4-hyc^ (120 mg, 0.18 mmol) was 

phosphitylated in DCM (5 mL) as above with DIEA (42 pL, 0.25 mmol) and 2-cyanoethyl 
diisopropylchlorophosphoramidite (27 pL, 0.25 mmol). The confound was dissolved in DCM (1 
mL) and precipitated in hexane (100 mL). Yield 100 mg (65%), i?^te amorphous solid 
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X^' chloride 
Fxarnple 64 




6-{4-[CMoro-bis(4-'me1]ioxyphenyl)methyl]phenoxy}hexan acid^ iV-oxysuccimmide ester. 6 - 
5 {4-|Hydroxy4)is(4-meliioxyphenyl)methyl]ph^ acid, JST-oxysuccinirnide ester (1.095 

g, 2.0 znmol was dissolved in fi^eshly distiUed AcCl (10 mL) and the mixture was refluxed (2 h), tibien 
diluted with petroleum ether (30 mL) aad cooled to room temperature. The tntyl chloride was filtered 
off, washed with petroleum ether, and dried in vacuo. Yield 962 mg (85%). 

X* = tetrafluoroborate 
10 Example 65 

Example 28 relates to con:^)ounds 28b, 28c and 28d in which is tetrafluoroborate. 

It will be imderstood that the invention is described above by way of example only and modi&cations 
may be made whilst remaining within the scope and spirit of the invention. 
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CaLAIMS 

1 . A compound of formula (Ha): 

(Ai^)^— C— [Ar^— (LM{M}p)q]xn 

^ (Ha); 

where: 

5 X is a group cq)able of being cleaved from the a-carbon atom to form an ion of formula (T) 

(Ai^)ri— C— [Ar^— (Lm{M}p)J„i 

* (T); 

C* is a carbon atom bearing a single positive charge or a single negative charge; 
M is independently a reactive functional group; 

Ar^ is independently an aromatic group or an aromatic group substituted with one or more A; 
10 Ar^ is independently an aromatic group or an aromatic group substituted with one or more A; 

optionally wherein (a) two or three of the groups Ar^ and Ar^ are linked together by 

<me or more JJ, where is independently a single bond or a linker atom or group; and/or (b) 

two or three of the groiq)S Ar^ and Ar^ togethra: form an aromatic group or an aromatic group 

substituted with one or more A; 
IS A is independently a substituent; 

Lm is independently a single bond or a linker atom or group; 

n = 0, 1 or2andm= 1,2, or3,providedlhesumofn-Hn = 3; 

p independently = 1 or more; and 

q independently = 1 or more. 
20 2. A compoxmd of formula (pb): 

(Ar^)^— C— [Ar^— (LM{M}p)q]„, 



X* (nb); 



i^ere: 



X*is a counter-ion to C*; 

C* is a carbon atom bearing a sin^e positive charge or a single negative charge; 
25 M is independentiy a reactive functional group; 

Ar^ is independently an aromatic group or an aromatic group substituted with one or more A4 
Ai^ is independentiy an aromatic grovqp or an aromatic group substituted with one or more A; 

optionally wherein (a) two or three of the groups Ar^ and Ai^ are linked together by 
one or more L^, where is independentiy a single bond or a linker atom or group; and/or (b) 
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two or three of the groiq>s Ar» and Ai^ together form an aromatic groiq) or an aromatic group 
substituted with one or more A; 
A is independently a substituent; 

Lm is independently a single bond or a linker atom or groi^; 
5 n = 0, 1 or2 andm= 1, 2, or 3, provided the sum of iH-m = 3; 

p independently = 1 or more; and 
q independently = 1 or more. 
3. An ion of formula (T): 

(Ar2)ri— C— [Ar^— (LM{M}p)q]Hi 

* (T); 

10 where: 

C* is a carbon atom bearing a single positive charge or a single negative charge; 
M is independently a reactive fimctional groiq>; 

Ar» is independently an aromatic groiq) or an aromatic group substituted with one or more. A; 

Ar^ is independently aa aromatic grov?) or an aromatic group substituted with one or more A; 
1 5 optionally wherein (a) two or three of tiie groiqffl Ar» and Ar^ are linked togeflier by 

one or more L^ where is independently a smgle bond or a linker at»m or group; and/or (b) 

two or three of the groups Ar» and Ai' together form an aromatic group or an aromatic groiq) 

substituted with one or more A; 

A is independentiy a substituent; 
20 Lm is independently a single bond or a linker atom or group; 

n = 0, 1 or2andm= 1, 2, or 3, provided the sum of n+m = 3; 

p independently = 1 or more; and 

q independently = 1 ot more. 
4. A solid support of formula (TVai), (IVaii) or (Waiii): 

(Ar^V— C— [Ar^— CLM{M}p)q]m 



25 





Ss 



^ ' (IVai); 



'^Ari (LM{M}p)q 

(Ai^)n— C— [Ar^— (LM{M}p)qln.i 

X (IVaii); 
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Ss 



(Ar^Vi— C— [Ar^— (LM{M}p)q]nx 

X (Waiii); 

where: 

X is a group enable of being cleaved ftom the a-caibon atom of &e conq)oimd of fonnula 
(II) to fiann an ion of fbimula (!•) 

(Al2)n— C— [Ar^— (LM{M}p)q]ni 

3 ★ (T); 

C* is a carbon atom bearing a single positive charge or a single negative charge; 
M is independently a reactive functional group; 

At" is independently an aromatic group or an aromatic group substituted with one or more A; 

Af* is independently an aromatic group or an aromatic group substituted with one or more A; 
10 optionally wherein (a) two or three of the groups Ar^ and Ar' are linked together by 

one or more L^ where is ind^endentiy a single bond or a linker atom or groiq); and/or (b) 

two or tiiree of the groiq,s Ar» and Ar^ toge&er form an aromatic groiq, or an aromatic &o^xp 

substituted with one or more A; 

A is independentiy a substituent; 
15 Lm is independentiy a single bond or a linker atom or group; 

n = 0, 1 or 2 and m = 1 , 2, or 3, provided the sum of n+m = 3; \ 

p independentiy = 1 or more; 

q independentiy = 1 or more; 

^ Ss is a solid stqiporl; 

20 C- - -Ss conqnises a cleavable bond between C and Ss; 

Ss- - -Ar* conq)rises a cleavable bond between Ar* and Ss; and 
Ss- - -Ar* comprises a cleavable bond between Ar* and Ss- 
5. AsoUdsiq>portof&rmnla(IVbii)or(IVbiii): 

'^ArJ (LM{M}p)q 

(Al^V — C— [Ar*— (LM{M}p)q]ni.l 




X* 



(IVbii); 
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Ss 

(Al^)n.l C— [Ar^— (LM{M}p)q]m 

X* (IVbiii) 
^ere:X*.Ar^Ar^.LM.M.n,m.p,q,Ss.C---Ss,Ss---Ar»andSs---Ar^areasdeWabo^^^ 

X*is a countBT-ion to C* ; 

C* is a carbon atom bearing a single positive charge or a single negative charge; 
5 M is independently a reactive fiinctional group; 

Ar^ is independently an aromatic group or an aromatic group substitated with one or more A; 
Ai^ is independently an aromatic groi^ or an aromatic group substituted with <me or more A; 

optionally wherein (a) two or Ihree of tiie groups Ar' and Ar^ are linked together by 
one or more L^ where V is independently a single bond or a linker atom or group; and/or (b) 
10 two or three of the groups Ar> and Ar^ together form an aromatic group or an aromatic group 

siibstituted with one or more A; 
A is independently a substituent; 

Lm is independently a single bond or a linker atom or group; 
n = 0, 1 or 2 and m = 1, 2, or 3, provided the sum of n+m = 3; 

15 p independently = 1 or more; 

q independently = 1 or more; 
Ss is a solid svq?por»; 

C- - -Ss comprises a cleavable bond between C and Ss; 
Ss- - -Ar^ con5)rises a cleavable bond between Ar^ and Ss; and 
20 Ss- - -Ar^ comprises a cleavable bond between Ar^ and Ss- 

6. A soUd support offormula(IVaiv) or (TVbiv): 

{M}p.iLmM"~-(J) 

Ar^^ — (LM{M}p)q.i 
{P^\— C— [Ar^— (LM{M}p)qlm.i 

X (Waiv); 
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{MIp-iLmM-^-^sT) 

Ar^ — (LM{M}p)q.i 
★ 

X* (IVbiv); 

where: 

X is a group capable of being cleaved from Ihe a-carbon atom of the confound of formula 
(n) to form an ion of formula (T) 

(Ar^) — C— [Ar^— (LM{M}p)q]n» 
X*is a counter-ion to C* ; 

C* is a carbon atom bearing a single positive charge or a single negative charge; 
M is independently a reactive functional group; 

Ar^ is independentiy an aromatic groiq» or an aromatic group substituted with one or more A; 
10 Ar' is independentiy an aromatic gcoap or an aromatic groiq> substituted with one or more A; 

optionally wherein (a) two or tioee of the groups Ar> and Ar^ are linked togetiier by 

one or more L^, where is independentiy a single bond or a linker atom or group; and/or (b) 

two or fljree of flie groups Ar* and Ar* togetiier form an aromatic &ovp or an aromatic group 

substituted with one or more A; 
XS A is independentiy a substituen^ 

Lm is independentiy a single bond or a linker atom or group; 

n = 0, 1 or2andm= 1,2, or 3, provided the sum of n+m= 3; 

p independentiy = 1 or more; 

q independentiy = 1 or more; 

20 Ss is a solid support^ 

M"- - -Ss conprises a bond between M" and Ss; and 

M" is tiie same as M except tiiat Ss is bound to a portion of M which does not form part of tiie 
residue of M" remaining attached to tiie ion of formula (T) which residue is produced after reaction of 
groi^M". 
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ABSTRACT 

r.T?pnAATTRRnMOUBC UT-P-SPQRMASS SPFXTTRO METRY 
Compounds of fonnula (Ha): 

(Al^)n— C— [At*— (LM{M>p)q3m 

^ (na); 

5 are provided where: 

X is a group capable of being cleaved from Ihe o-carbon atom to form an ion of formula (T) 

(Ai^V— C— [Ar^— (Lm{M}p) Jm 

★ ao; 

C* is a carbon atom bearing a single positive charge or a single negative charge; 
The invention further provides com^unds of formula (Tib): 

(Ar2)n— C— [Ar^— (LM{M}p)q]m 

X* mb); 
10 . 

where: 

X*is a counter-ion to C* . 
Ihe compounds of formula (Ha) and (lib) may form ions of formula (T) by eilher cleaving Ihe C-X 
bond between X and the a-carbon atoms in the case of flie compounds of formula (Ha) or 
15 dissociating X* in the case of compounds of fonnula (Ob). 
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